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INTRODUCTION 


The  Civil  Engineering  Laboratory  (CEL)  has  been  tasked  by  the 
Naval  Facilities  Engineering  Command  (NAVFAC)  to  develop  solid  waste 
management  systems  for  use  in  Marine  Amphibious  Force  (MAF)  environ¬ 
ments  . 

The  management  of  solid  wastes  generated  during  MAF  operations 
has  been  identified  by  the  Marine  Corps  (MARCORPS)  as  an  area  need¬ 
ing  improvement.  Experience  during  the  Southeast  Asia  conflict  and 
elsewhere  shows  that  MAF  solid  waste  management  requires  a  significant 
deployment  of  manpower  and  equipment,  which  could  be  better  used  to 
serve  the  primary  mission. 

The  solid  wastes  generated  during  a  MAF  operation  in  a  combat 
environment  require  effective  and  efficient  means  of  collection  and 
disposal.  These  operations  should  be  performed  without  hampering  a 
unit's  primary  mission  and,  therefore,  should  divert  a  minimum  amount 
of  manpower  and  equipment. 

Present  solid  waste  handling  systems  are  manpower  intensive  and 
inefficient.  Recent  studies  have  shown  that  on  the  average  about 
1,100  tons  of  solid  wastes  are  generated  each  day  by  a  fully  operational 
MAF.  This  reportedly  requires  the  daily  allocation  of  approximately 
1,800  man-hours  and  about  72  vehicles  originally  intended  for  support 
of  the  primary  mission.  Of  this  man-hour  allocation,  approximately  75% 
is  drawn  from  combat-ready  troops  who  simply  gather  and  stack  these 
solid  wastes.  Traditional  MAF  solid  waste  management  practices  have, 
at  most,  included  waste  collection  with  available  equipment,  open  pit 
burning,  and  modified  landfill  operations. 

Open  pit  burning  produces  a  characteristic  target  signature  and 
requires  regulatory  firefighting  personnel  to  supervise  daily  disposal 
activities.  Landfilling  adds  to  horizontal  construction  requirements  by 
about  one  acre  per  day,  complicates  problems  of  scavenging,  and 
increases  manpower  and  equipment  losses  due  to  tactical  vulnerability. 

Noncombat- related  casualties  represent  a  threat  to  primary  mission 
activities.  In  Vietnam,  as  in  Korea  and  World  War  II,  the  effects  of 
disease  were  the  greatest  drain  on  American  combat  and  support 
resources.  Disease  accounted  for  more  than  two  of  every  three  hospital 
admissions  in  Vietnam  during  the  1965-69  period;  battle  injuries  were 
responsible  for  approximately  one  of  every  six  admissions  during  the 
same  period.  Furthermore,  Army  medical  data  show  that  the  average 
case  of  viral  hepatitis*  resulted  directly  from  operational  shortcomings 
in  the  mess  hall,  field  sanitation  facilities,  and  nonpotable  water 
supplies  (Ref  1  and  2). 

♦The  number  of  cases  averaged  92,000/yr  between  1967  and  1970. 


The  Bureau  of  Naval  Medicine  has  reported  that  such  vector  popu¬ 
lations  as  rats  and  flies  proliferated  as  a  result  of  poorly  managed  solid 
waste  near  hospitals  and  mess  facilities,  measurably  amplifying  the 
spread  of  disease  during  the  Vietnam  conflict.  The  mismanagement  of 
solid  wastes  in  foreign  environments  has  been  directly  associated  with 
the  cause  and  enhanced  spread  of  disease.  In  contrast,  the  spread  of 
disease  resulting  from  the  mismanagement  of  solid  waste  in  the  United 
States  is  low. 

This  overall  encroachment  of  primary  mission  activities  as  a  result 
of  inefficient  management  of  solid  waste  must  be  reduced.  The  most 
effective  way  of  solving  this  problem  is  to  develop  new  solid  waste 
disposal  practices  that  are  efficient  and  compatible  with  MAF  contin¬ 
gency  scenarios.  Alternative  systems  must  be: 

•  Cost-effective 

•  Adaptable  to  new  combat  support  technology 

•  Flexible  to  operate  in  a  variety  of  MAF  scenarios 

•  Portable  and  self-contained 

•  Amenable  to  operation  and  maintenance  with  minimum  field 
skills  and  manpower 

Before  a  solid  waste  management  system  can  be  developed  for 
MARCORPS  advance  base  application,  field  operations  must  be  evaluated 
for  waste  composition,  generation  rates,  operational  limitations,  and 
resources.  The  scope  of  this  evaluation  includes: 

•  Characterization  of  the  solid  waste  generated  during  the  specific 
phases  of  a  MAF  operation 

•  Review  of  MAF  scenarios  and  field  operating  conditions  for 
design  constraints  of  generic  grouping  of  solid  waste  management 
equipment 

•  Identifying  solid  waste  management  problems  and  practices  of  a 
conceptual  50,000-man  MAF  operation 

•  Evaluating  conceptual  equipment  design  and  performance 
specifications 

•  Projecting  the  expected  savings  in  manpower  and  equipment 

brought  about  by  deploying  selected  specialized  waste  manage¬ 
ment  equipment  , 


THE  STRUCTURE  OF  MAF  OPERATIONS 

The  concept  of  amphibious  warfare  is  to  engage  in  an  offensive 
assault  against  an  enemy  in  his  environment  at  a  time  and  place  of 
choice.  The  basic  principles  upon  which  this  philosophy  is  based  have 
remained  unchanged  since  the  first  MARCORPS  landing  in  the  Bahamas 
in  1776  (Ref  3).  Since  that  time,  Marines  have  participated  in  more 
than  180  landings  based  upon  the  same  fundamental  assault  doctrine. 
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The  deployment  of  a  MAF  varies,  by  necessity,  with  the  location 
or  type  of  military  action.  Based  in  part  on  recent  experience  gained 
in  the  Southeast  Asia  conflict,  a  conceptual  MAF  was  developed  upon 
which  waste  generation  estimates  and  waste  management  practices 
described  in  this  study  could  be  based.  In  this  model,  the  three 
principal  phases  of  an  MAF  operation  are  as  follows: 

Phase  Approximate  Time  Period 

Assault  £chelon  (AE)  D-Day  through  D+15 

Assault  Follow-On  Echelon  (AFOE)  D+15  through  D+30 

Flight  Echelon  (FE)  D+30  through  end  of  operation  (D+60) 

The  AE  phase  is  illustrated  conceptually  in  Figure  1 .  This  phase 
lasts  approximately  15  days,  during  which  time  combat  troops  are 
deployed.  Amphibious  ships  are  used  heavily,  and  high-priority  cargo 
offloading  is  the  major  concern.  The  primary  mission  is  to  seize  and 
hold  while  developing  a  Beach  Support  Area  (BSA). 

The  AFOE  (Figure  2)  involves  movement  of  troops  inland,  while 
supply  and  engineering  personnel  land  to  establish  transportation, 
communication ,  and  supply  networks.  The  vast  majority  of  equipment 
and  supplies  involved  in  the  MAF  operation  are  brought  to  the  BSA 
during  this  phase. 

The  FE  (Figure  3)  consists  of  further  development  of  facilities  and 
the  emplacement  of  landing  and  support  facilities  for  large  aircraft  on 
shore.  The  FE  begins  upon  the  establishment  of  the  BSA  and,  there¬ 
fore,  overlaps  the  AFOE. 

During  all  phases  of  a  MAF  there  exists  both  a  moving  and  sta¬ 
tionary  zone  (Figure  4).  During  the  first  two  phases,  the  moving  zone 
accounts  for  the  majority  of  waste  generation.  It  is  assumed  that 
beyond  D+30,  the  MAF  is  fully  operational  and  virtually  all  personnel, 
equipment,  and  supplies  have  been  brought  ashore  (except  for  replace¬ 
ment  purposes).  Beyond  D+30,  the  stationary  zone  accounts  for  most 
of  the  waste  generation.  Waste  generation  and  solid  waste  management, 
therefore,  take  on  a  significantly  different  character  in  each  of  these 
two  periods. 

The  above  phases  (echelons)  of  a  MAF  operation  were  outlined  in 
Reference  4,  "Analysis  of  Amphibious  Task  Force  Embarkation  and 
Landing  Requirements  Project,"  prepared  by  Potomac  General  Research 
Group  in  March  1977  under  contract  M00027-76-A-0060.  They  have  been 
verified  by  the  Chief  Instructor  of  the  Amphibious  Warfare  School  at 
Quantico  with  the  understanding  that  the  time  periods  associated  with 
each  are  highly  dependent  on  the  specific  situation. 

The  unloading  status  (Figure  5)  of  materiel  into  an  MAF  opera¬ 
tional  area  shows  that  a  MAF  would  be  completely  landed  and  fully 
functional  by  D+19  with  most  landing  operations  completed  on  D+7.  It 
is  assumed  that  the  MAF  is  fully  developed  by  D+19  and  operates  at  a 
strength  of  approximately  50,000.  Actually,  variations  in  locale,  degree 
of  resistance,  and  specific  aspects  of  the  mission  will  influence  the 
types,  quantities,  and  timing  of  material  offloading. 
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Figure  5.  MAF  unloading  status. 


For  purposes  of  discussion  of  solid  waste  management,  it  is 
assumed  that  operations  will  be  completed  by  D+60.  This  is  supported 
by  MARCORPS  logistics  estimates  covering  30-day  intervals  and  recent 
changes  in  logistics  doctrine  requiring  supplies  and  replacement  equip¬ 
ment  for  60  days  of  operations  to  be  physically  stored  at  host  bases. 
FMFLANT  and  FMFPAC  (essentially  Camp  Lejeune/Cherry  Point  and 
Camp  Pendleton/El  Toro,  respectively)  must  have  this  materiel  on  hand 
or  on  requisition. 

Functional  Groups 

The  functional  groups  of  a  MAF  each  exhibit  different  waste  char¬ 
acteristics,  generation  and  waste  management  requirements.  Major  MAF 
functional  groups  include: 

•  Administration 

•  Combat  (infantry,  artillery,  and  air) 

•  Construction 

•  Medical  and  dental 

•  Supply 

•  Residential 

•  Maintenance 

Administration .  Management  and  direction  of  personnel  and  equip¬ 
ment  including  command,  communication,  and  other  office- related  func¬ 
tions. 

Combat . 

1.  Infantry:  The  infantry  locates  and  engages  the  enemy  in 
close  combat. 

2.  Artillery:  The  artillery  provides  fire  support  to  the  infantry. 

3.  Air:  Air  activities  include  fire  support  for  the  infantry,  re¬ 
supply,  and  evacuation;  these  activities  involve  fixed  and 
rotary  wing  aircraft. 

Construction .  Design,  erection,  maintenance,  and  repair  of  all 
structures  and  other  types  of  construction. 

Medical  and  Dental.  Collection,  emergency  treatment,  temporary 
hospitalization,  and  evacuation  of  the  sick  and  wounded,  and  the  super¬ 
vision  of  sanitary  and  preventive  medicine  measures  in  the  combat  area. 

Supply .  All  aspects  of  receiving,  marking,  warehousing,  repack¬ 
ing,  control  and  distribution  of  equipment,  supplies,  and  repair  parts. 

Residential.  All  aspects  of  sheltering  combat  and  support  person¬ 
nel,  not  including  the  erection  or  maintenance  of  structures  (these 
activities  are  considered  a  part  of  construction).  It  does  include  per¬ 
sonnel  support  activities  such  as  housing,  messing,  latrines,  and  recre¬ 
ation.  As  an  example,  solid  waste  from  the  erection  of  a  mess  tent  is 
considered  construction  waste  while  garbage  and  broken  utensils  gener¬ 
ated  during  its  operation  are  residential  waste. 
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Maintenance.  Activities  associated  with  the  repair  or  servicing  of 
equipment;  the  generally  centralized  maintenance  of  mechanical  and 
electrical  equipment  including  vehicles,  weapons,  and  communication 
units . 

Essentially  all  personnel  in  a  MAF  are  assigned  to  one  of  three 
groups;  Marine  Division,  Air  Wing,  or  Force  Services  Support  Group 
(FSSG).  The  division  and  wing  are  the  combat  elements;  the  other  six 
functional  groups  are  the  parts  of  the  FSSG,  which  supplies  the  logis¬ 
tics,  command,  and  other  support  for  the  entire  MAF. 

Variability  of  Operations 

There  is  a  great  degree  of  variation  in  Marine  amphibious  opera¬ 
tional  scenarios.  Two  basic  variables  are  the  timing  of  the  operation 
(which  may  partially  reflect  the  amount  of  enemy  resistance  being 
encountered)  and  the  location  of  the  operation.  Extremes  of  location 
would  call  for  unusual  types  or  quantities  of  equipment  and  supplies 
(e .  g . ,  skis  in  a  northern  area  or  additional  canteens  or  water  supplies 
in  a  hot,  dry  climate). 

Locale,  degree  of  resistance,  and  interaction  with  the  native  popu¬ 
lation  are  variables  which  influence  the  types  and  amounts  of  equipment 
and  supplies  used;  thus,  they  influence  waste  generated,  and  the 
potentials  for  recovery  and  reuse  of  wastes.  A  "typical"  operation, 
however,  will  be  considered  with  qualifying  discussion  of  the  impact  of 
some  variables . 


COMPONENTS  OF  WASTE  -  QUANTITY  AND  TYPES 
Solid  Waste  Defined 


MAF  solid  waste  is  materiel  that  has  no  further  direct  value  to 
MAF  operations,  i.e.,  discards.  General  types  of  materiel  classified  as 
solid  waste  include: 

•  Equipment,  structures,  weapons,  furniture,  etc.,  worn  out  or 
damaged  beyond  field  repair  or  of  such  low  value  that  recovery 
and  removal  for  reuse  or  depot-level  repair  is  not  worthwhile 

•  Refuse  generated  through  daily  activities  (e.g.,  wastepaper, 
empty  containers,  garbage) 

General  types  of  materiels  not  classified  as  solid  waste  include: 

•  Sewage  and  other  liquids  treated  by  sewage  treatment  systems 
in  peacetime 

•  Contaminated  POL 

Solid  Waste  Disposition  in  MAF  Operations 

All  equipment  and  supplies  brought  into  a  MAF  operation  fall 
generally  into  one  of  the  following  categories  of  disposition: 
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•  Expended.  Ammunition,  explosives,  missiles,  fuel,  food 

•  Wasted.  Anything  accidentally,  purposely,  or  of  necessity  dis¬ 

carded 

•  Reused.  Empty  boxes,  pallets,  or  packing  cases  used  for  book¬ 

cases  or  retaining  walls 

•  Recovered .  Equipment  collected  for  later  repair/ reuse  -  a  dam¬ 

aged  tank  engine  to  be  shipped  to  a  repair  depot 
outside  MAF  area,  recovered  brass,  etc. 

•  Removed .  Equipment  no  longer  needed  but  still  functional  or 

repairable  -  a  major  factor  only  when  an  MAF  leaves 
an  area 

Items  in  one  of  the  categories  shown  may  change  into  another 
category  as  a  MAF  operation  progresses.  For  example,  reused  boxes  or 
pallets  may  become  waste  if  damaged  or  when  the  MAF  leaves  an  area. 
Likewise  in  withdrawal,  virtually  all  materiel  is  either  removed  or 
wasted . 

It  was  reported  (see  personnel  contacted  or  interviewed  in  the 
Appendix)  that  there  was  a  high  degree  of  reuse  of  potential  waste 
items  (i.e.,  packaging  materials)  during  virtually  every  portion  of  a 
MAF  operation.  This  reuse  of  potential  waste  items  does  not  remove 
them  from  the  waste  category.  Much  of  this  material  will  become  waste 
at  the  end  of  an  amphibious  operation.  It  will  either  be  systematically 
dismantled  and  disposed  of,  or  will  be  left  in  place.  An  example  of  the 
latter  situation  is  the  use  of  packing  boxes  for  the  construction  of 
retaining  walls.  These  boxes  are  filled  with  soil  or  sand  and  left  in 
place  when  a  fortification  is  abandoned. 

Units  of  Solid  Waste  Generation 


Weight .  The  unit  of  solid  waste  generation  recommended  in  the 
study  of  MAF  solid  waste  is  the  number  of  pounds  generated  per  person 
per  day  (lb/pers/day).  This  unit  relates  the  mass  of  waste  to  the 
number  of  personnel  involved  and  to  the  length  of  the  operation.  It 
allows  for  ready  computation  of  wastes  generated  during  operations  of 
various  sizes  and  lengths  and  can  easily  be  converted  to  metric  units  as 
that  system  becomes  more  widely  used  in  Marine  Corps  logistics. 

Another  recommended  unit  is  tons  generated  per  activity  per  day 
(tons/activity/day).  The  estimate  of  waste  generation  per  activity  is 
useful  in  developing  individual  solid  waste  management  systems  for 
specific  types  of  MAF  functions. 

Other  units  considered  involved  volume  rather  that  weight,  groups 
of  personnel  rather  than  individuals,  and  periods  of  time  other  than  a 
day. 

Volume .  Both  weight  in  pounds  and  volume  ("cube")  in  ft3  are 
available  for  most  supplies  and  equipment  used  in  MAF  operations. 
Weight  was  considered  superior  because  weight  data  are  somewhat  more 
readily  available.  Also,  weight  is  better  understood  by  personnel  at  all 
levels  (i.e.,  there  is  a  better  "feel"  for  weight  than  for  volume). 
Weight  does  not  change  during  the  majority  of  MAF  activities,  whereas 
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volume  does  vary  as  containers  are  dismantled,  etc.  Finally,  even 
where  volume  is  known  for  supplies  and  equipment,  it  can  be  deceiving. 
Some  vehicles,  for  example,  are  prepackaged  with  equipment  while  other 
similar  vehicles  are  not.  The  volume  occupied  in  a  ship's  hold  is  the 
same  for  both  vehicles,  but  the  weights  (and  potential  waste)  are 
different. 

Personnel .  A  MAF  is  made  up  of  various  groups  of  personnel: 
platoons,  companies,  groups,  etc.  The  MARCORPS  is  mission  oriented; 
therefore,  the  number  and  size  of  these  groups  vary  from  one  situation 
to  the  next  (as  does  the  total  number  of  personnel  in  the  entire  MAF). 
Likewise,  there  are  differences  between  group  sizes  in  air  and  ground 
activities  (e.g.,  a  squadron  is  not  equivalent  to  a  company).  Thus, 
the  individual  troop  was  selected  as  the  unit  of  solid  waste  generation. 
The  generation  rate  per  person  will  be  calculated  using  the  "typical" 
number  of  personnel  present  during  each  phase  of  an  MAF  operation  as 
shown  below: 


Phase 


Number 

Personnel  Cumulative 

Added  Personnel 


Assault  Echelon  (AE)  31,400 
Assault  Follow-On  Echelon  (AFOE)  13,500 
Flight  Echelon  (FE)  6,100 


31,400 

44,900 

51,000 


Per-person  generation  rates  may  be  easily  differentiated  between 
phases  of  a  MAF,  as  the  quantity  and  type  of  supplies  distributed  in 
each  phase  of  a  MAF  are  different  for  each  phase. 

Time.  Essentially  all  planning  for  MAF  operations  is  based  on 
days  and  hours  from  D-Day,  as  shown  in  Figure  5.  The  day  was 
selected  as  the  time  unit  for  solid  waste  generation  due  to  the  fairly 
rapid  chain  of  events  in  amphibious  operations  and  the  60-day  time 
frame  previously  discussed.  Any  shorter  time  period  would  yield  an 
extremely  small  generation  rate,  and  activities  cannot  realistically  be 
predicted  down  to  the  hour.  Longer  time  periods  (weeks)  would  mask 
changes  from  one  phase  of  operation  to  another. 

Areas .  The  concentrated  waste  generation  areas  in  a  MAF  opera¬ 
tional  scenario  (based  on  discussions  with  FSSG  personnel)  are: 


Beach  Support  Area  (BSA) 
Logistic  Support  Area  (LSA) 
Marine  Amphibious  Wing  (airfield) 
Artillery  Area 


The  most  effective  use  of  specialized  solid  waste  management  equipment 
would  be  in  these  areas. 
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MAF  Solid  Waste  Generation  Data 


Solid  waste  generation  estimates  were  derived  in  part  from  gross 
supply  quantity  data  for  a  MAF,  obtained  from  the  Type  Unit  Mobility 
Statistics  System  (TUMSS),  provided  by  the  Division  Information 
Systems  Management  Office  of  the  Second  Marine  Division  at  Camp 
Lejeune,  N.C.  In  order  to  convert  the  supply  data  into  solid  waste 
generation  data,  detailed  supply  descriptions,  direct  observation  of 
supply  packaging,  and  interviews  with  knowledgeable  MARCORPS  per¬ 
sonnel  were  conducted.  Engineering  judgment  was  then  used  to  esti¬ 
mate  the  percent  by  weight  of  each  component  which  would  ultimately 
appear  in  the  solid  waste  stream. 

Tables  of  equipment  and  operation  were  used  to  identify  the 
specific  types  of  equipment  employed  during  each  phase  and  by  each 
functional  group  of  an  MAF.  Information  on  the  composition  of  each 
piece  of  equipment  and  its  expected  functional  life  in  the  MAF  permitted 
the  formulation  of  detailed  composition  estimates  for  each  phase  and  time 
period . 

MAF  Solid  Waste  Content 


Overall,  solid  wastes  from  MAF  operations  are  seen  as  containing 
much  higher  quantities  of  metal  and  wood  than  found  in  civilian  munici¬ 
pal  wastes.  Metal  composition  in  solid  waste  varies  from  70%  during  the 
assault  echelon  phase  (AE),  to  approximately  61%  during  the  flight 
echelon  phase  (FE).  While  the  solid  waste  generation  rate  increases 
from  the  AE  to  the  FE  by  an  approximate  factor  of  6,  the  relative 
percentage  of  metal  is  diminished  by  statistical  impact  of  the  increase  in 
construction  and  residential  wastes.  Waste  aluminum,  which  accounts 
for  a  very  small  fraction  of  the  metal,  is  associated  with  battle-damaged 
aircraft  and  aircraft  repair  parts.  The  major  sources  of  metal  are: 
(1)  expended  shell  casings  from  artillery  and  other  combat  missions, 
and  (2)  waste  iron  and  steel  from  damaged  vehicles  and  construction 
supplies . 

Packaging  and  preservation  materials  are  a  major  type  of  waste 
item.  Supplies  and  equipment  are  well  protected  for  shipboard  trans¬ 
portation  and  rough  handling  in  the  amphibious  landing.  Most  items  in 
a  MAF's  operational  deployment  stocks  and  mount  out  (OPDEP/Mount 
Out)  are  stored  in  heavy,  wooden  mount-out  boxes  containing  various 
arrangements  of  smaller  wooden  or  fiberboard  boxes  that  contain  the 
actual  supplies  or  replacement  parts,  themselves  often  sealed  in  paper 
or  plastic  envelopes.  Medical  supplies,  an  exception,  are  stored  in 
metal  chests.  Mount-out  boxes  and  the  metal  chests  are  designed  for 
use  as  stock  shelves  or  for  the  removal  of  items  out  of  the  combat  area 
at  the  conclusion  of  a  MAF  operation.  However,  larger  items  (e.g., 
jeep  fenders  and  ammunition)  are  packaged  in  wooden  boxes  not  desig¬ 
nated  for  reuse. 

The  following  six  tables  present  the  quantitative  aspects  of  solid 
waste  generated  during  MAF  operations. 
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Table  1  summarizes  waste  generation.  It  shows  functional  group 
waste  generation  activity  during  each  of  the  three  phases  of  the  first 
30  days,  the  total  for  this  period,  and  a  total  for  a  second  30-day 
period .  Particularly  notable  is  the  high  daily  per  capita  rate  of 
90  pounds  during  the  AFOE.  This  is  attributable  to  a  rapid  buildup  of 
the  FSSG  and  the  growth  of  supply,  maintenance,  and  administrative 
functions  during  this  period. 


Table  1.  Waste  Generation  Summary 


Solid 

Waste  (tons) 

Functional  Group 

Assault 

Echelon 

Assault 

Flight 

Echelon 

Total 

Follow-On 

Echelon 

First 

30  Days 

Second 

30  Days 

Supply 

— 

36 

176 

212 

130 

Construction 

467 

470 

1,630 

2,567 

1,560 

Administration 

43 

213 

623 

879 

536 

Medical/Dental 

26 

67 

402 

495 

217 

Residential 

71 

258 

1,459 

1,788 

1,339 

Maintenance 

— 

215 

912 

1,127 

544 

Combat 

Infantry 

Artillery 

Air 

899 

1,976 

761 

3,579 

599 

1,901 

12,204 

3,189 

3,561 

17,759 

3,747 

2,509 

11,369 

5,969 

Total 

3,482 

6,158 

22,496 

32,135 

24,173 

Personnel  Serviced 

31,400 

44,900 

51,000 

51,000 

51,000 

Days  in  Period 

5 

3 

22 

30 

30 

Waste  Generation  Rate 
(lb/person/day) 

44 

91 

40 

42 

32 

Tables  2,  3,  and  4  show  the  approximate  tonnage  of  waste  gener¬ 
ated  by  each  functional  group  during  each  MAF  operational  phase . 
Note  that  the  combat  group  accounts  for  the  vast  majority  of  waste, 
with  artillery  being  the  single  biggest  generator.  Reasons  for  this 
include  the  combat  losses  of  equipment  and  the  large  amount  of  waste 
from  ammunition  (shell  casings,  boxes,  and  pallets). 
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Tables  5  and  6  summarize  tonnage  wastes  for  the  first  and  second 
30-day  period  of  the  operation.  The  predominance  of  metal  should  not 
be  too  surprising  to  those  familiar  with  military  operations.  Most  of  the 
wasted  aluminum  is  associated  with  battle- damaged  aircraft  and  aircraft 
repair  parts.  Thus  the  airfields  should  be  potential  sources  of  recover¬ 
able  aluminum.  Brass  is  exclusively  shell  casings.  Casings  were 
considered  waste  items  in  these  calculations  but  are  normally  recovered 
for  recycling.  The  other  metal  wasted  is  almost  exclusively  steel.  It 
comes  from  various  sources,  but  is  predominantly  battle- damaged  combat 
equipment  and  related  repair  parts.  The  other  major  waste  material  is 
wood.  It  comes  mostly  from  packaging  and  construction  materials. 


CURRENT  SOLID  WASTE  MANAGEMENT  PRACTICES 
Solid  Waste  Management  Organization 

Solid  waste  management  during  MAF  operations  is  the  responsibility 
of  the  FSSG.  The  FSSG  provides  personnel  and  equipment  for  solid 
waste  management,  and  also  draws  from  other  functions  during  periods 
when  such  personnel  and  equipment  are  available. 

During  the  Assault  phase,  virtually  no  organized  solid  waste 
management  is  conducted.  Assuming  that  troop  movement  inland  is 
fairly  rapid,  waste  items  such  as  food  containers  and  ammunition 
casings  are  discarded  directly  on  the  ground,  with  densities  being 
directly  related  to  the  amount  of  time  spent  in  a  particular  location. 

During  the  Assault  Follow-On  phase,  the  FSSG  becomes  opera¬ 
tional.  Large  quantities  of  supplies  and  equipment  are  brought  ashore. 
The  FSSG  supply,  maintenance,  and  medical  functions  provide  semi¬ 
permanent  centers  of  logistic  and  support  activity .  These  semi¬ 
permanent  centers  lead  to  the  generation  of  solid  waste  at  specific 
locations  on  the  beach  and  inland.  Relatively  innoxious  wastes,  such  as 
broken  parts  or  cardboard  boxes,  are  generally  collected  in  various 
locations  or  containers  at  each  functional  group.  Waste  becomes  concen¬ 
trated  as  a  result. 

Waste  management  usually  begins  once  waste  begins  to  interfere 
with  regular  operations.  Personnel  from  each  functional  group  are 
assigned  to  remove  the  waste  materials  and  either  bury,  or  burn  and 
bury  the  waste.  This  results  in  numerous  waste  disposal  areas  oper¬ 
ated  by  the  individual  functional  groups. 

Pathogenic  wastes  from  hospital  areas  and  garbage  from  messing 
facilities  are  given  more  regular  and  thorough  disposal  treatment. 
Again,  it  is  often  a  combination  of  burning  and  burying,  done  primarily 
to  decrease  the  possibilities  of  disease.  Most  personnel  interviewed 
confirmed  the  popularity  of  burning  wastes  even  though  the  smoke 
generated  could  be  a  location  identifier  to  the  enemy.  It  was  the 
contention  of  those  interviewed  that  the  enemy  already  knew  the  loca¬ 
tion  of  the  MAF,  and  thus  additional  smoke  from  waste  disposal  was  of 
no  combat  significance. 


At  D+20  to  D+30,  when  the  FSSG  is  fully  operational,  more  organ¬ 
ized  waste  management  develops.  This  consists  of  designating  collection 
vehicles  and  establishing  disposal  sites.  Functional  groups  are  directed 
to  bring  solid  wastes  to  the  designated  site,  unless  prevented  by  com¬ 
bat  commitments.  In  such  instances,  FSSG  personnel  would  instead  be 
dispatched  for  collection.  The  disposal  site  would  also  be  under  the 
control  of  the  FSSG,  operated  with  equipment  from  the  engineering 
battalion . 

As  a  MAF  operation  advances  into  the  Flight  Echelon  phase,  no 
significant  changes  occur  in  solid  waste  management.  The  centralized 
disposal  sites  continue  to  operate.  As  troops  move  further  inland, 
supply  lines  are  extended  and  additional  disposal  sites  are  established. 
It  was  noted  that  as  the  troops  advance  farther  from  the  beach  area, 
trucks  hauling  supplies  to  the  front  lines  are  used  to  back-haul  waste 
materials.  This  is  particularly  true  of  recoverable  items  such  as  shell 
casings . 

Solid  waste  management  has  traditionally  been  given  a  low  priority 
during  the  first  30  to  60  days  of  a  MAF  operation.  Organized  solid 
waste  management  is  secondary  to  the  MAF  mission  and  is  typically 
undertaken  only  after  the  Logistics  Support  Area  has  been  established 
and/or  accumulated  solid  waste  begins  to  become  a  nuisance.  Detailed 
descriptions  of  specific  waste  management  practices  are  summarized  in 
Table  7.  In  general,  solid  waste  collection  does  not  begin  until  after 
engineering  support  has  established  a  landfill,  and  men  and  equipment 
can  be  deployed  for  the  waste  management  function.  Engineering  or 
motor  transport  personnel  are  most  often  tasked  with  operating  the 
collection  system,  using  stake-bed  or  dump  trucks  as  they  become 
available.  Refuse  is  generally  stacked  in  place  at  the  point  of  genera¬ 
tion  due  to  the  lack  of  appropriate  containers. 


Table  7.  Current  Solid  Waste  Disposal  Practices8 


Disposal  Practice*5 

Burn 

Bury 

Salvage 

Destroy 

Reuse/ 

Retrograde 

None 

Electronics  Equipment 

*  Communications 

5 

5 

5 

95c 

equipment 

*  Data  processing 

10 

10 

10 

95C 

equipment 

*  Carrying  cases 

10 

90 

•  Tapes 

10 

90 

•  Reels 

10 

90 

*  Electronic  equipment 

and  components 

*  Cables 

100 

50 

•  Wire 

100 

*  Antennae  • 

100 

80 

100 

*  Antennae  poles 

100 

100 

25 

continued 
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Table  7.  Continued 


Disposal  Practice 


Burn  Bury  Salvage  Destroy  ReJ*ogMde  None 


Chemicals 


•  Drugs 

•  Desiccants 

•  Chemical  additives 

•  Cement 

Paper  Products  ^ 

•  High  grade  paper  d 

•  Computer  orint-out 

•  Tab  cards0 

•  Tape 

Furnishings 

•  Metal  furniture 

•  Wooden  furniture 

•  Plastic  office 
supplies 

Medical  and  Laborator 


•  Chemical  bottles 

•  Stoppers 

•  I.V.  bottles 

•  Gauzes 

•  Bandages 

•  Wrappings 

•  Syringes 

•  Drugs 

•  Chemicals 

•  Glassware 

Textiles 

•  Netting 

•  Rope 

•  Tentage 

•  Canvas 

•  Insulation 

•  Ground  cover 

•  Tarp8e 

•  Uniforms 

•  Other  clothing 

•  Sheets 

•  Toweling 

•  Other  linen 

•  Gauzes 

•  Bandages 
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Table  7.  Continued 


Disposal  Practice^ 

Burn 

Bury 

Salvage 

Destroy 

Reuse/ 

Retrograde 

Heavy  Boxes  and  Storage 

Containers 

•  Oil  cans 

100 

•  Plastic  containers 

100 

•  Mount-out  boxes 

25 

90 

*  Light  wooden 

100 

50 

construction  boxes 

•  Barrels1 

50 

50 

90 

*  Ammunition  boxes 

50 

100 

75 

•  Metal  containers* 

50 

50 

50 

*  Food  containers 

100 

Corrugated  and  Packing 

Materials  . 

*  Paperboard  boxes 

75C 

•  Shelving  h 

100 

100 

c 

•  Folding  box  |>oardn 

25 

25 

•  Partitioning 

25 

25 

75 

*  Wooden  pallets 

25 

25 

90 

•  Metal  pallets 

25 

90 

•  Dunnage 

100 

•  Rubber  wrapping 

100 

100 

•  Rubber  cushioning 

100 

100 

♦  Rubber  pading 

100 

100 

♦  Plastic  wrapping 

100 

100 

•  Plastic  sheeting 

100 

100 

*  Plastic  insulation 

100 

100 

*  Plastic  bladders 

100 

100 

•  Nails 

100 

•  Fasteners 

100 

*  Latches 

100 

*  Strapping 

100 

Machine  Parts 

*  Engine  and  machine 

50 

50 

parts 

•  Aircraft  parts 

100 

100 

100 

•  Tires 

100 

100 

30 

*  Light  tubing 

100 

•  Hosing 

100 

Weaponry 

*  Shell  casingB 

10 

90 

*  Guns  (hajdguns-rifles- 

75 

75 

25c 

75 

mortars)1 

continued 
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Table  7.  Continued 


Disposal  Practice*5 

Burn 

Bury 

Salvage 

Destroy 

Reuse/ 

Retrograde 

None 

Miscellaneous 
•  Optical  equipment 

1 

30 

•  Hand  tools 

100 

El 

•  Tent  poles 

100 

■  Glassware 

HI 

50 

aAFOE  or  FE  only. 

^Figures  represent  %  estimate  of  waste  disposed  of  by  each  method. 

Q 

Donated  to  nationals,  contracted  for  salvage,  or  scavenged  by 
nationals. 

^Classified  materials  are  burned  in  barrels. 

0 

Canvas  reused  for  progressively  lighter  applications;  estimated 
4-month  useful  life. 

^Used  to  burn  sludge. 

sParts  containers  are  used  to  backhaul  salvageable  parts  to  U.S. 
corrugated  is  scavenged  heavily  in  Far  East  operations. 

Salvage  may  be  contracted  to  certified  subcontractor. 


Most  MAF  solid  wastes  are  disposed  of  by  open  burning  or  burial 
in  a  landfill.  Open  burning  of  waste  in  a  combat  zone  is  uncommon, 
although  certain  materials  such  as  sewage  sludge,  classified  documents, 
and  high-technology  equipment  require  disposal  in  this  manner. 

Depending  on  the  specific  circumstances,  there  will  be  some  reuse 
of  waste  materials.  The  greatest  reuse  application  is  in  nonengineered 
construction  where  container  materials  are  often  used.  Reconditioning 
of  certain  more  valuable  wastes  is  also  common  although  this  accounts 
for  only  a  small  percentage  of  the  total  waste.  Damaged  vehicles, 
machine  parts,  tires,  optical  equipment,  and  electronic  equipment  are 
examples  of  items  which  are  often  reconditioned  in  the  field.  Recycling 
(reprocessing  of  waste  to  extract  its  raw  material  value)  is  rarely 
practiced  due  to  the  excessive  handling  and  transportation  require¬ 
ments.  Only  artillery  shell  casings  have  ever  presented  any  real  possi¬ 
bility  for  recycling,  and  recent  changes  in  shell  casing  material  may 
preclude  this  possibility. 

The  two  greatest  MAF  waste  management  manpower  sinks  are: 
(1)  equipment  and  material  destruction  and  (2)  waste  collection  and 
transport.  Equipment  and  material  destruction  is  currently  accom¬ 
plished  through  burning  or  manual  dismantling.  MARCORPS  solid  waste 
management  has  historically  relied  upon  "fox-hole  strength"  manpower  to 
collect  and  transport  solid  waste  in  its  naturally  discarded,  least  dense 
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form.  Table  8  summarizes  MAF  solid  waste  collection  requirements  in 
terms  of  manpower  and  equipment  for  each  echelon.  These  data  show 
that  a  daily  allocation  of  approximately  1,800  man-hours  is  required  to 
collect  about  1,100  tons  of  solid  waste.  This  practice  requires  72 
trucks  and  216  men  that  were  intended  for  primary  mission  activities. 


Table  8.  MAF  Solid  Waste  Collection  Requirements3 


Function 

Assault 
Echelon 
(5  days) 

Follow-On 
Echelon 
(3  days) 

Flight 
Echelon 
(22  days) 

Average 
(30  days) 

Collected  Waste 
(tons) 

3,482 

6,158 

22,496 

32,136 

Required  Truck 
Loads  (B) 

2,321 

4,105 

14,997 

21,424 

Daily  Collected 
Loads 

464 

1,368 

681 

714 

Required  Truck/ 

Day  (D) 

47 

137 

69 

72 

Manpower  Consumed 
(men/ day) 

(A,  C,  D) 

141 

414 

207 

216 

Total  Man-Hours 
(A) 

5,816 

10,246 

37,493 

53,560 

Man-Hours/Day 

(total/duration) 

1,163 

3,415 

1,704 

1,785 

3 

Daily  collection  to  intermediate  storage  with  no  treatment/disposal. 
Assuming  a  density  of  500  lb/yd3  for  the  32,136  tons  of  solid  waste 
generated  over  the  30-day  period  translates  into  a  conventional 
landfill  requirement  of  about  0.88  acre  per  day,  1  yard  deep,  for 
disposal. 

NOTES:  Analysis  based  upon  the  following  assumptions: 

(A)  8-1/4  hours  productive  work/cap. /day  at  0.6  ton  collected/ 
man-hour 

(B)  2-1/4  ton  multipurpose  6x6  truck  at  1.5  tons/load/truck 

(C)  3  men/truck 

(D)  Utilizing  50  min  collection  cycle,  10  loads/truck/day 


The  general  lack  of  mechanized  solid  waste  management  practices 
utilized  in  Vietnam  demonstrates  the  need  for  such  a  capability . 
Because  there  was  insufficient  time  to  manually  destroy  the  large  quan¬ 
tities  of  sophisticated  weapons  and  support  equipment  during  "pull-out" 


operations,  they  were  left  behind.  As  a  result,  these  supplies  and 
equipment  were  either  captured  or  retained  by  the  Communist 
Vietnamese .  * 

Specific  Solid  Waste  Management  Practices 

Areas .  Formal  solid  waste  management  is  practiced  in  three  prin¬ 
cipal  areas  of  an  MAF: 

•  Logistics  Support  Area 

-  Supply  dump 

-  Residence,  mess 

-  Hospital 

-  Construction 

•  Beach  Support  Area  (BSA) 

-  Supply  dump 

-  Airfield 

•  Artillery 

Formal  solid  waste  management  programs  do  not  exist  in  most  other 
areas  of  a  MAF. 

Equipment .  Equipment  support  for  solid  waste  collection  is  drawn 
from  other  functions  within  the  MAF.  Typical  collection  vehicles  include 
jeeps,  stake-bed  trucks,  and  dump  trucks.  In  certain  supply  and 
operation  areas,  semi-trailer  trucks  are  employed  for  refuse  transport. 
In  these  instances,  the  trucks  used  to  transport  supplies  backhaul  the 
solid  wastes  to  either  a  formal  disposal  site  or  storage  area  for  later 
repair  and  reuse .  Equipment  used  for  waste  collection  in  peacetime 
exercises  include  helicopters  and  commercial  compactor  vehicles;  how¬ 
ever,  neither  is  used  for  solid  waste  collection  during  combat  opera¬ 
tions.  Helicopters  are  not  considered  a  realistic  alternative  in  combat 
due  to  their  prescribed  combat  and  maintenance  functions. 

Methods .  Solid  waste  disposal  is  conducted  by  one  or  more  of  five 
methods,  as  follows: 

Operation  Description  Typical  Applications 

Burning  Incineration  in  drums  or  •  Sewage  sludge 

at  a  specific  burn  site  •  Paper  products, 

(such  as  a  landfill)  classified  documents 

•  Medical/dental  wastes 

•  Packing  materials 

•  Aircraft  parts 

continued 

♦Vietnam  now  has  the  4th  largest  air  force  in  the  world,  more  bullets 
per  capita  than  the  Russian  Army,  and  a  Navy  with  world  ranking. 
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Operation 

Description 

Typical  Applications 

Burial 

Excavated  pit  with  bull¬ 

• 

Burn  residue 

dozer  periodically 

• 

Drugs  and  chemicals 

covering  deposited  waste 

• 

Heavily  damaged  machine 
parts 

• 

Demolition  waste 

• 

Other  wastes  not  suitable 
for  burning  in  drums 

Reuse/ 

Waste  items  may  be 

• 

Electronics  supplies 

Retrograde 

reused  in  damaged  condi¬ 

(antennas,  wire,  etc.) 

tion  or  scavenged  by 

• 

Machine  parts 

nationals 

• 

Wood  or  corrugated 
cardboard  for  temporary 
construction 

Recondition 

Field  repair  of  damaged 

• 

Tires 

article,  or  shipment  to 

• 

Optical  equipment 

repair  facility 

• 

Most  electronics 
equipment 

• 

Heavy-duty  containers 

• 

Vehicles 

Salvage 

Use  of  component  value 
only 

• 

Metal,  shell  casings 

The  prevalence  of  each  method  within  a  MAF  is  dependent  upon 
several  factors  including  the  phase  of  operation,  the  nature  of  the 
waste,  and  the  specific  location  of  waste  generation.  The  waste  dis¬ 
posal  practice  is  best  described  in  terms  of  waste  type  or  component , 
as  opposed  to  area  of  waste  generation. 

Observations  of  MAF  exercises  and  interviews  with  FSSG  personnel 
demonstrated  the  prevalence  of  these  various  disposal  methods.  Table  7 
displays  the  estimated  prevalence  of  each  method  by  component  type. 
Components  for  which  waste  management  practice  predominance  adds  up 
to  more  than  100%  are  those  which  are  reused  until  the  end  of  their 
useful  life.  The  following  discussion  presents  a  general  overview  of 
waste  management  practices  according  to  waste  type. 

Electronics  Equipment.  Equipment  falling  in  this  category  is 
typically  limited  to  communications  and  data  processing  equipment  and 
support  material.  Communications  equipment  is  typically  repaired  in  the 
field  or  returned  stateside  for  repair  if  it  is  not  completely  destroyed. 
Data  processing  equipment  is  repaired  by  contractors  who  are  often  in 
the  field  during  combat.  Associated  materials  such  as  tapes,  cables  and 
wires,  and  antennas  are  reused  until  they  become  damaged  beyond 
repair.  Electronic  equipment  disposal  is  usually  limited  to  simple 
burial,  unless  equipment  requires  destruction  for  security  reasons. 

Chemicals .  Most  waste  chemicals  generated  within  a  MAF  are 
simply  stored,  collected,  and  buried  at  the  disposal  site.  Waste  fuels 
are  used  to  assist  in  the  combustion  of  liquid  waste  or  classified  mate¬ 
rial. 
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Paper  Products.  Most  paper  products  generated  in  combat  are 
similar  to  those  generated  in  an  office  environment.  High-grade  paper, 
computer  printout,  tab  cards,  and  tape  are  virtually  recycled.  Recy¬ 
clable  paper  is  boxed  at  the  point  of  generation  and  transported  to 
larger  boxes  for  storage  and  subsequent  transportation  to  the  nearest 
recycling  facility.  Classified  documents  are  destroyed,  usually  by 
burning,  at  their  point  of  generation. 

Furnishings.  There  is  no  formal  retrograde  procedure  for  dam¬ 
aged  furniture.  All  waste  furniture  is  either  buried  directly  or  first 
burned  and  then  buried.  Some  scavenging  of  this  material  by  nationals 
does  take  place. 

Medical  and  Laboratory  Supplies.  Most  medical  and  laboratory 
supplies  are  burned  and/or  buried  at  the  landfill,  as  appropriate. 
Waste  syringes  are  destroyed.  Infectious  wastes  are  disposed  of  in 
open  pits  near  the  point  of  generation  and  often  present  nuisance  and 
health  problems. 

Textiles .  Most  waste  textiles  are  destroyed  by  burning  prior  to 
burial.  However,  waste  uniforms  are  destroyed  at  the  point  of  genera¬ 
tion.  Canvas  items  are  typically  reused  over  a  period  of  several 
months  until  they  finally  disintegrate. 

Heavy  Boxes  and  Storage  Containers.  Most  containers  generated 
during  a  MAF  operation  are  reused  for  some  secondary  function.  Oil 
cans,  for  example,  are  used  as  makeshift  sludge  incinerators.  Wooden 
containers,  such  as  mount-out  boxes  and  light  wooden  construction 
boxes,  are  broken  down  and  used  for  construction  material.  Certain 
types  of  containers  which  are  used  to  store  new  parts  are  reused  for 
shipping  damaged  parts  of  the  same  size  to  the  rear  for  retrograde. 

Corrugated  and  Packing  Materials.  Corrugated  cardboard  has  a 
high  salvage  value  in  many  depressed  areas  of  the  world.  Disposal  of 
waste  corrugated  cardboard  is  typically  accomplished  through  scav¬ 
enging  by  nationals.  Wood  and  metal  pallets  are  reused  for  their 
remaining  useful  life  and  then  broken  down  for  use  as  construction 
material.  Waste  packing  materials  and  fasteners  have  little  reuse  poten¬ 
tial  and  are  most  often  disposed  of  upon  generation. 

Machine  Parts.  Machine  parts,  in  general,  show  the  greatest  level 
of  reuse  and  recycling  in  the  field.  Engine  and  machine  parts  from 
vehicles  are  serviced  at  motor  pool  areas  or  repacked  and  trucked  to 
the  rear  for  repair.  Most  reusable  aircraft  parts  are  destroyed  for 
security  reasons.  Tires  have,  in  some  instances,  been  recapped  in  the 
field  where  such  facilities  are  available ,  although  this  is  more  the 
exception  than  the  rule  in  combat  operations. 

Weaponry .  Concentrated  shell  casing  generation  occurs  in  the 
artillery  areas,  where  they  are  stockpiled  and  reboxed  for  transport 
(backhaul)  and  reprocessing.  Shell  casings  generated  by  hand-held 
weapons  are  typically  not  recycled.  Hand-held  weapons  and  other  small 
arms  are  typically  demilled  or  torched  in  the  field.  In  some  locations, 
certified  salvage  contractors  may  be  awarded  this  responsibility.  Items 
falling  into  the  latter  category  typically  do  not  possess  any  reuse 
potential. 
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SOLID  WASTE  MANAGEMENT  ALTERNATIVES 

The  scope  of  CEL  research  extended  beyond  current  operational 
scenarios  and  current  Tables  of  Equipment  and  Operation;  it  was  also 
considered  essential  to  analyze  changing  trends  in  materiel,  containeri¬ 
zation,  and  MAF  doctrine.  This  has  resulted  in  the  formulation  of 
short-range,  mid-range,  and  long-range  solid  waste  management  goals. 

•  Short-range  goals  address  current  solid  waste  management  prob¬ 
lems  and  immediate  solutions. 

•  Mid-range  goals  anticipate  solid  waste  management  problems  ap¬ 
proximately  10  years  in  the  future. 

•  Long-range  goals  represent  planning  for  solid  waste  management 
approximately  20  years  in  the  future. 

Short-Range  Goals 

1.  Recommend  commercially  available  solid  waste  management 
equipment . 

2.  Perform  the  minimum  required  modifications. 

3.  Operate  the  units  in  MARCORPS  training  exercises,  shore 
facilities,  and  limited  remote  base  environments. 

Commercial  solid  waste  handling/disposal  technology  is  not  directly 
applicable  to  MAF  environments.  This  is  due  primarily  to  the  limited 
mobility,  the  absence  of  fail-safe  provisions,  and  the  low  reliability 
encountered  in  extended  operations. 

The  large  components  and  high  metal  content  of  the  MAF  waste 
stream  also  limit  direct  transfer  between  commercial  and  MARCORPS 
applications . 

Mid-Range  Goals 

1.  Provide  a  single  system  capable  of  handling  all  MARCORPS 
solid  waste  while  conforming  to  the  rigors  of  a  MARCORPS  combat  field 
environment.  This  is  the  primary  objective  of  the  MAF  solid  waste 
research  and  development. 

2.  Provide  equipment  specifically  designed  for  management  of  the 
MAF  solid  waste  stream  approximately  10  years  into  the  future.  The 
current  containerization  research  and  development  program,  the  devel¬ 
opment  of  modern,  more  mechanized  weapon  systems,  the  higher  quality 
of  the  individual  Marine,  and  the  streamlining  of  current  packaging 
procedures  all  influence  reaching  the  mid-range  goal. 

3.  Provide  a  system  for  future  MAF  scenarios;  this  includes 
highly  mobile,  modular  facilities,  "over- the- beach"  objectives  with 
air-cushioned  vehicles,  and,  in  general,  a  change  in  assault  warfare 
philosophy.  The  solid  waste  stream  generated  from  these  scenarios  will 
be  different  from  the  waste  stream  generated  today. 
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Long-Range  Goals 

1.  During  a  20-year  time  frame,  recommend  solid  waste  manage¬ 
ment  systems,  conceived  in  terms  of  sophisticated  packaging  reduction 
techniques,  to  alleviate  solid  waste  problems  before  they  develop* 

2.  Energy  conversion  systems  to  provide  power  from  solid  waste 
constituents 

3.  Recycling/ reuse  operations  for  use  during  the  next  20-year 
time  frame 

Any  improvement  in  waste  management  practice  should  have,  as  its 
first  priority,  the  reduction  in  manpower  and/or  equipment  requirements 
for  waste  transport,  handling,  and  disposal.  Once  a  proposed  system 
meets  this  criterion,  it  must  also  provide  improvement  in  one  or  more  of 
these  areas: 

•  A  simpler  method  of  destroying  secure  information  or  equipment, 
such  as  electronic  equipment,  aircraft  parts,  classified  papers, 
etc. 

•  A  reduction  in  nonreusable  packaging,  thereby  increasing  reuse 
and  recycle  potential  while  decreasing  disposal  and  handling 
requirements 

•  An  improved  method  of  infectious  waste  disposal 

•  A  more  efficient  means  of  waste  storage  and  handling 

Improvements  in  waste  management  for  mobile  forces,  such  as  the 
infantry,  was  not  considered  because  formal  waste  management  practices 
during  combat  would  jeopardize  their  primary  mission.  It  is  apparent 
that  the  only  feasible  method  of  improving  waste  management  at  the 
combat  troop  level  would  be  through  a  reduction  in  waste  or  an  increase 
in  reusable  materials. 

The  two  greatest  MAF  waste  management  manpower  sinks  are: 
(1)  equipment  and  material  destruction;  and  (2)  waste  collection  and 
transport.  A  "typical"  MAF  would  require  a  daily  allocation  of  approx¬ 
imately  1,800  man-hours  and  about  72  vehicles  originally  intended  for 
support  of  the  primary  mission. 

Equipment  and  material  destruction  is  currently  accomplished 
through  burning  or  manual  dismantling.  Mechanical  means  of  destruc¬ 
tion  could  instead  be  incorporated,  thereby  reducing  manpower  require¬ 
ments.  The  excessive  manpower  and  vehicle  requirements  for  refuse 
handling  and  collection  could  be  reduced  through  the  use  of  specialized 
volume  reduction  equipment. 

The  following  discussion  of  waste  management  equipment  will 
address  these  key  points: 


*The  use  of  MILVAN  type  8  x  8  x  20-foot  containers  can  measurably 
reduce  the  production  of  potential  solid  waste.  This  approach  to  pack¬ 
aging  eliminates  the  need  for  about  30  1/2-inch-thick  plywood  boxes 
per  container  and  represents  a  manpower  savings  of  approximately  120 
man-hours. 
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•  locations  in  an  MAF  where  specialized  equipment  can  be  best 
utilized 

•  the  value  of  waste  densification  in  manpower  saving's 

•  the  problems  associated  with  key  waste  components,  especially 
the  high  proportion  of  metal  in  the  MAF  waste  stream 

•  the  adaptability  of  commercial  equipment  to  MAF  requirements 

Discussions  with  FSSG  personnel  indicated  that  the  most  effective 
use  of  stationary  waste  management  equipment  would  be  in  the  four 
areas  providing  the  greatest  concentration  of  waste  generation  and, 
therefore,  the  greatest  potential  for  improvement: 

•  Beach  Support  Area 

•  Logistic  Support  Area 

•  Marine  Amphibious  Wing  (airfield) 

•  Artillery 

Current  waste  collection  and  transport  activities  alone  can  account 
for  more  than  four  man-hours  and  two  vehicle-hours  per  ton  of  solid 
waste  collected  due  to  the  low  density  of  the  material.  MAF  solid  waste 
density,  particularly  in  supply  areas  generating  waste  paper  and  card¬ 
board,  can  be  as  low  as  150  lb/yd3.  Volume  reduction  is  therefore  the 
key  to  immediate  waste  management  improvement. 

At  present,  the  key  to  improving  MAF  solid  waste  management  is 
in  maximizing  waste  "capture"  while  minimizing  manpower  and  equipment 
deployment  per  unit  of  waste. 

Aside  from  the  possible  savings  in  manpower  and  equipment, 
additional  evaluation  criteria  of  importance  to  military  application  include 
the  following: 

•  Mobility  -  Any  piece  of  equipment  should  be  either  self-motive 
or  compatible  with  the  capacity  and  availability  of  equipment 
to  handle  it. 

•  Maintenance  -  Equipment  should  be  as  simple  in  design  as  possi¬ 
ble  and  based  on  mechanical  components  which  are  similar  in  con¬ 
cept  to  existing  MAF  equipment.  Standard  commercial  designs 
are  desirable  because  spare  parts  will  be  much  easier  to  obtain 
over  the  service  life  of  the  equipment. 

•  Operation  and  Repair  -  Equipment  should  require  a  minimum  of 
dedicated  personnel  and  maintenance  equipment.  In  addition, 
operator  and  repair  training  requirements  should  be  minimal. 

Balers,  stationary  compactors,  shredders,  compacting  vehicles,  and 
incinerators  are  proven  means  of  volume  reduction  in  municipal  applica¬ 
tions.  Development  of  one  or  more  of  these  items  for  MAF  operation 
has  the  potential  of  providing  substantial  manpower  and  equipment 
savings.  Through  proper  design,  these  devices  also  have  the  capabil¬ 
ity  of  destroying  much  of  the  equipment  and  material  which  is  currently 
destroyed  by  hand.  Many  of  these  devices  have  a  built-in  shear  that 
"shapes"  (and  therefore  destroys)  solid  waste  before  compacting  or 
baling.  Table  9  shows  specific  equipment  available. 
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Table  9.  Solid  Waste  Management  Alternatives 


I 


I 


Such  equipment  could  be  designed  with  sufficient  compacting  force 
to  destroy  selected  equipment  items.  Because  stationary  compactors 
require  a  specialized  vehicle  to  transport  the  waste,  these  vehicles 
would  need  to  be  designed  with  multiple-use  potential.  Bales  must  be 
compatible  with  existing  materials  handling  equipment  such  as  forklifts 
and  collection  vehicles.  In  addition,  shredders  could  be  applied  to  both 
stationary  compactors  and  balers  for  use  in  volume  reduction  and  equip¬ 
ment  destruction. 

Commercial  compacting  vehicles,  as  they  now  exist,  are  often  too 
large  and  fragile  to  meet  combat  military  specifications.  However, 
compactor  designs  are  currently  well  developed  and  could  be  matched 
with  a  more  durable  chassis  and  drive  train.  This  would  imply  a  com¬ 
paction  body  designed  for  field  installation  on  an  available  MARCORPS 
vehicle,  particularly  a  military  stake-bed  truck. 

Incinerator  designs  are  showing  greater  levels  of  sophistication  on 
the  municipal  scale  and  could  provide  a  variety  of  capacities  for  combat 
application  and,  if  necessary,  in  a  portable  mode. 

Each  one  of  these  alternative  equipment  applications  shows  poten¬ 
tial  for  improved  efficiency  in  MAF  waste  management.  Defining  in 
quantitative  terms  how  much  of  an  improvement  can  be  effected 
requires:  (1)  that  a  model  MAF  be  assumed;  and  (2)  that  transporta¬ 
tion  and  handling  times  be  estimated. 

Development  of  a  Model  Waste  Management  System 

The  configuration  of  a  MAF  solid  waste  management  system  evolves 
only  after  the  support  functions  have  been  located  and  established. 
Estimating  "typical"  distances  to  landfill  or  burning  sites  is  meaningless 
unless  a  specific  action  is  referred  to.  Based  on  discussions  with  FSSG 
personnel,  it  was  elected  to  develop  a  model  solid  waste  management 
system  for  the  size  of  MAF  used  in  this  study. 

Figures  6  and  7  display  the  second  and  third  phase,  respectively, 
of  the  model  MAF  with  the  associated  locations  of  BSA,  LSA,  airfield, 
and  support  landfill  operations.  The  figures  alsc  display  possible  baler 
and  compactor  locations  should  they  be  used  in  support  of  the  landfill 
operations.  In  this  MAF  model,  a  baler  or  compactor  is  brought  ashore 
at  approximately  D+15  to  support  the  BSA.  After  D+30,  when  the  LSA 
and  airfield  have  been  established,  additional  compactors  or  balers 
would  be  brought  ashore  to  support  these  functions.  Small  shredders 
could  be  incorporated  as  part  of  the  baler  or  compactor  systems  to 
provide  additional  volume  reduction  and  destruction  capability.  Either  a 
small  or  large  compacting  vehicle  could  be  deployed  for  waste  collection 
at  various  support  activities .  Incinerators  could  be  employed  in  a 
variety  of  sizes,  depending  on  the  scale  of  application.  Small-scale 
incinerators  might  be  employed  to  support  medical  activities,  or  at  the 
salvage  yard  for  the  destruction  of  classified  equipment. 

Table  10  presents  the  model  waste  management  system  logistics  and 
equipment  deployment.  Part  I  describes  the  model  collection  systems 
for  the  LSA,  BSA,  and  artillery  areas.  For  example,  the  LSA  supply 
dump  generates  an  estimated  6  tons/day  of  solid  waste  which  is  col¬ 
lected  by  a  two-man  crew  using  a  stake-bed  truck  and  transported  to 
the  LSA  central  landfill. 

Modifications  to  these  systems  are  shown  in  Part  II. 
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BSA  -  DETAIL 


Figure  6.  Mode!  MAF  (assault  follow-on  phase,  D  +  15  to  I)  +  JO  days). 


Table  10.  System  Design  Premises  for  Comparative  Analysis 


I.  Basic  Collection  Systems 

1.  Logistic  Support  Area  (D+30) 

*  Supply  dump 

*  6  tons/day  solid  waste 

*  2  miles  to  landfill 

*  2-man  collection  crew  with  stake-bed  truck 

*  Residence,  mess 

*  20  tons/day  solid  waste 

*  5  miles  to  landfill 

*  2-man  crew,  stake  bed 

*  Hospital 

*  1-2  tons/day  solid  waste 

*  3  miles  to  landfill 

*  2-man  crew,  stake  bed 

*  Construction  (MBC) 

*  10  tons/day  solid  waste 

*  Varying  distance  to  landfill 

*  2-man  crew,  dump  truck 

2.  Beach  Support  Area  (D+30) 

*  Supply  dump 

*  3  tons/day  solid  waste 

*  1  mile  to  landfill 

*  2-man  crew,  stake  bed 

*  Airfield 

*  100  tons/day  solid  waste 

*  5  miles  to  landfill 

*  2-man  crew,  stake  bed 

3.  Artillery 

*  350  tons/day  solid  waste 

*  10-20  miles  to  landfill 

*  2-man  crew,  semi-trailer  truck 

4.  Infantry 

*  80  tons/day  solid  waste 

*  No  field  landfill 

*  No  collection 

continued 
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Table  10.  Continued 


II.  Modifications  to  Basic  Collection  Systems 

1.  Baler 

*  1  man  loads  baler  as  waste  is  delivered 

*  Bales  are  stored  (700  lb  each) 

*  Stake  bed  with  2-man  crew  is  loaded  with  2  to  4  bales  by 
on-site  forklift 

*  Bales  are  driven  to  disposal  site 

2.  Shred  and  Bale 

*  Same  as  1,  only  waste  is  shredded  into  baler  hopper 

3.  Stationary  Compactor 

*  Solid  waste  is  loaded  into  compactor  on  site 

*  Special  vehicle  removes  compactor  to  disposal  site 

*  Compactor  is  returned  to  site 

*  Total  of  4  to  5  compactors  spaced  throughout  MAF 

4.  Compactor  Vehicle 

*  6  to  10  yd3  compactor  has  specified  route  through  remote 
infantry  or  LSA  areas 

*  20  to  30  yd3  compactor  collects  solid  waste  from  (1)  artillery 
and  (2)  LSA  concentrations 

5.  Incinerator 

*  Truck-mounted  unit  services  supply,  medical,  and  maintenance 
areas  to  dispose  of  classified  and  other  specified  materials 

*  Stationary  (smaller)  units  located  as  above 


Comparative  Analysis  of  Alternatives 

The  system  design  premise  presented  in  Table  10  provides  a  quan¬ 
titative  means  of  comparing  a  model  existing  waste  management  system 
for  each  area  with  an  alternative  waste  management  system.  This 
comparison  would  be  based  on  comparable  system  logistics  such  as 
collection,  waste  generation,  and  distance  to  landfill  sites.  Because 
each  of  the  alternatives  concentrates  on  either  volume  reduction  or 
waste  destruction,  the  principal  savings  would  be  realized  during  waste 
handling  and  transport,  not  disposal.  With  the  exception  of  incinera¬ 
tion,  manpower  and  equipment  requirements  for  disposal  to  landfill  were 
therefore  assumed  to  be  the  same  in  all  cases. 

The  actual  comparison  of  alternatives  was  based  on  manpower  and 
equipment  required  to  load,  transport,  and  unload  a  load  of  solid  waste 
between  the  point  of  generation  and  the  disposal  site.  The  following 
specific  motion  study  elements  were  used  in  the  analysis: 
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•  Handling  and  processing  of  solid  waste  at  the  collection  point 
(collection  and  accumulation  of  solid  waste  within  an  activity  was 
assumed  constant  for  all  alternatives) 

•  Loading  solid  waste  onto  a  collection  vehicle 

•  Transporting  the  solid  waste  to  the  landfill 

•  Offloading  the  solid  waste  at  the  landfill 

•  Returning:  (1)  to  the  next  collection  point,  or  (2)  to  the  orig¬ 
inal  collection  point  (to  return  mobile  compaction  equipment) 

Using  the  distances  specified  in  Table  10,  times  of  performance 
were  estimated  for  each  of  the  above  elements.  This  simulated  time 
study  permitted  the  computation  of  total  time  per  load. 

Assuming  the  time  required  to  transport  a  load  of  solid  waste  is 
the  same,  regardless  of  waste  condition,  the  only  variation  between 
alternatives  would  be  reali2ed  in  the  handling,  loading,  and  unloading 
elements.  However,  because  a  load  of  compacted  or  baled  waste  is 
much  denser  and,  therefore,  heavier  than  a  load  of  uncompacted  waste, 
expressing  the  manpower  and  equipment  requirements  on  a  per-ton 
basis  would  amplify  any  difference.  Per-ton  requirements  can  then  be 
applied  to  the  generation  rate  estimates  for  each  activity  to  estimate 
absolute  man-hour  and  vehicle-hour  differences  between  alternatives. 

Table  11  is  a  typical  example  of  the  above  calculation  comparing 
manpower  and  equipment  requirements  at  the  LSA  residence  and  mess: 
loose  solid  waste  storage  and  transport  versus  baled  waste  storage  and 
transport.  The  table  shows  the  following  time  study  information: 

1.  Collection  and  transport  of  one  1,500-pound  load  of  solid  waste 
from  this  area  consumes  4.5  man-hours  and  2.3  vehicle-hours,  which 
equates  to  6.0  man-hours  and  3.1  vehicle-hours  per  ton. 

2.  Collection,  baling,  and  transport  of  one  2,800-pound  load  (four 
700-pound  bales),  while  requiring  more  manpower  for  processing,  con¬ 
sumes  a  comparable  number  of  man-hours  and  vehicle-hours  overall  (4.2 
and  1.4,  respectively).  However,  the  estimates  of  3.0  man-hours  and 
0.9  vehicle-hours  per  ton  show  a  substantial  improvement  over  those  for 
unbaled  waste  collection. 

The  comparison  of  per-ton  manpower  and  vehicle  requirements 
provides  a  measure  of  the  potential  savings.  Application  of  these  unit 
expenditures  to  the  actual  daily  tonnage  at  each  location  provides  an 
absolute  measure  of  savings.  For  example,  the  LSA  residence/mess 
generates  an  estimated  20  tons/day  of  solid  waste.  The  current  method 
of  collection  consumes  an  estimated  120  man-hours  per  day  (6.0  man¬ 
hours/ton,  20  tons/day).  Adding  a  baler  to  the  system  would  reduce 
the  manpower  requirement  to  approximately  60  man-hours  (3.0  man¬ 
hours/ton),  a  60  man-hour  per  day  saving. 

Table  12  is  a  summary  of  similar  computations  of  manpower  savings 
for  all  areas.  The  numbers  in  general  demonstrate  the  great  potential 
for  decreasing  current  manpower  allocations  for  solid  waste  management. 
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Table  11.  Coaparison  of  Solid  Waste  Management  Alternatives  for 
MAF  Operations:  ISA  Residence/Mess  Area 
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Compacting  horizontal  baler 
700-lb  bales  loaded  by  forklift 


Estimated  Manpower  Reductions  Available  Through  Selected 
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The  greatest  manpower  saving  is  realized  through  baling.  Whether 
or  not  shredding  is  incorporated  as  an  initial  step,  proper  deployment 
of  five  balers  could  reduce  manpower  requirements  by  an  estimated 
165  man-days  per  day.  To  put  this  figure  in  perspective,  the  model 
MAF  (51,000  men)  requires  that  approximately  245  men  handle  and 
transport  solid  waste  each  day  beyond  D+30.  This  67%  reduction  in 
manpower  is  due  primarily  to:  (1)  a  reduction  in  the  number  of  trips 
to  the  landfill  per  ton  of  waste;  and  (2)  a  substantial  reduction  in 
handling  and  loading  requirements.  The  estimates  are  in  fact  conserva¬ 
tive  as  they  do  not  account  for  either  the  savings  in  equipment  distri¬ 
bution  time  or  disposal  time  (landfilling  bales  versus  loose  waste). 

Similarly,  Table  13  shows  that  baling  could  produce  a  90%  reduc¬ 
tion  in  vehicle  requirements,  or  124  vehicle-days,  for  the  entire  MAF 
operation.  This  statistic  is  even  more  impressive  when  one  realizes  that 
MAF  collection  vehicles  are  drawn  from  a  variety  of  functions,  each  with 
an  immediate  need  for  these  vehicles. 

Incineration  was  not  quantitatively  evaluated  as  a  general  waste 
management  alternative.  The  physical  size  of  an  incinerator  capable  of 
burning  all  waste  generated  in  a  given  area  is  too  large  to  be  practical 
in  mobile  combat  operations.  However,  a  smaller  mobile  unit  might  be 
considered  for  special  small- volume  applications  (medical  waste,  classi¬ 
fied  equipment,  etc.). 


WASTE  MANAGEMENT  EQUIPMENT  EVALUATIONS 

It  was  stated  earlier  that  the  greatest  manpower  and  equipment 
savings  would  be  brought  about  by  applying  waste  volume  reduction 
equipment  in  areas  of  concentrated  waste  generation.  Several  such 
areas  were  identified,  including  the  administrative  and  support  function 
concentrated  in  the  BSA  and  LSA;  the  artillery  section;  and  the  major 
airfields.  This  section  discusses  two  key  pieces  of  equipment  (com¬ 
pacting  collection  vehicles  and  stationary  balers)  in  detail.  It  considers 
MAF  needs  and  currently  available  equipment. 

Evaluation  of  Compacting  Collection  Vehicles 

These  factors  were  considered  in  evaluating  a  compacting  collection 
vehicle : 

•  Mobility 

•  Capacity 

•  Operating  power 

•  Feed  mechanics 

•  Operation  under  varying  climatic  conditions 

•  Maintenance 

•  Product  characteristics 

Mobility .  The  current  trend  in  Table  of  Equipment  development  is 
to  minimize  equipment  volume  and  provide  equipment  with  maximum 
versatility.  Therefore,  a  compaction  body  must  be  designed  for  field 
installation  on  an  available  MARCORPS  vehicle,  particularly  a  military 
stake-bed  truck.  The  body  should  be  readily  detachable  when  the 
vehicle  is  required  for  other  purposes. 
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Capacity  and  Weight.  The  capacity  of  the  compaction  body  is 
limited  to  the  chassis  capacity  and  dimensions  of  the  mating  vehicle. 
The  load  limit  for  a  military  stake-bed  truck  is  5  tons  for  operation  on 
unimproved  roads,  and  10  tons  for  improved  road  operation. 

The  dimensions  of  the  chassis  further  limit  capacity.  Assuming  a 
body  height  limit  of  6  feet  above  the  chassis,  the  maximum  capacity  of 
the  compaction  body  would  be  approximately  10  yd3.  A  body  incline  of 
5  to  8  degrees  from  front  to  rear  would  be  necessary  for  rear  wheel 
clearance  on  rough  terrain. 

Operating  Power.  A  self-powered  compaction  body  would  be 
required;  an  engine  power  takeoff  might  otherwise  need  to  be  installed 
in  the  field  without  the  aid  of  a  skilled  mechanic.  The  use  of  an  inte¬ 
grated  power  plant  is  quite  common  in  civilian  collection  vehicles. 

Feed  Mechanics.  Much  of  the  refuse  generated  in  a  MAF  operation 
is  not  collected  from  containers.  Because  of  this,  it  is  better  to  use  a 
side-  or  rear-loading  vehicle  rather  than  requiring  that  the  collectors 
pitch  the  waste  from  over  their  heads  into  a  dump  truck.  A  compaction 
body  should  therefore  be  designed  for  minimum  lift  height,  recognizing 
that  the  bottom  of  the  compaction  body  will  rest  on  or  near  the  top  of 
the  chassis. 

Operation  Under  Varying  Climatic  Conditions .  The  compactor  is 
not  anticipated  to  require  modification  in  any  way  to  account  for 
varying  weather  conditions.  Most  of  these  variations  are  of  greater 
significance  to  the  operation  of  the  vehicle  than  to  the  operation  of  the 
body. 

Maintenance .  The  use  of  standard  commercial  equipment  is  prefer¬ 
able  where  possible  because  of  easy  availability  of  parts.  The  compac¬ 
tion  body  should  be  of  a  state-of-the-art  design  or  a  modified  version 
of  a  commercially  available  model. 

Product  Characteristics .  The  compaction  body  should  achieve  a 
waste  density  of  400  to  500  lb/yd3.  This  is  the  range  of  density 
achieved  by  commercial  compaction  bodies  in  civilian  application. 

Operating  Concept.  An  artist's  conception  of  a  military  vehicle 
equipped  with  the  detachable  compaction  body  is  shown  in  Figure  8. 
The  compaction  body  is  shipped  without  the  cab,  engine,  or  chassis. 
When  its  use  is  required,  the  body  is  mounted  on  a  slight  incline  on  a 
stripped  vehicle  chassis  using  special  temporary  fasteners.  The  power 
supply  is  attached  to  the  chassis  in  front  of  the  compaction  body, 
although  it  could  also  be  designed  into  the  body  structure. 

In  use,  waste  is  loaded  through  special  access  doors  on  either  side 
located  approximately  60  inches  above  the  ground.  At  selected  inter¬ 
vals,  the  waste  is  compacted  within  the  body  by  a  blade  moving  from 
front  to  rear.  When  the  body  is  filled,  the  waste  is  transported  to  the 
landfill  and  ejected,  using  the  packing  blade  for  ejection. 
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Figure  8.  Vehicle-mounted  compaction  body. 


The  principal  drawback  to  the  side-loading  configuration  is  the 
inability  to  load  the  vehicle  when  compacting  or  when  nearly  full.  An 
alternative  concept,  shown  in  Figure  9,  employs  a  waste-loading  com¬ 
partment  which  is  separate  from  the  storage  compartment.  The  small 
packing  blade  forces  the  refuse  into  the  storage  compartment  during 
loading.  When  emptied,  the  waste  is  ejected  from  the  storage  compart¬ 
ment  by  a  full-width  ejection  blade. 

Both  concepts  are  state-of-the-art  designs,  and  could  be  readily 
adapted  to  MAF  applications. 

Comparison  With  Commercial  Equipment.  One  body  selected  for  use 
as  an  example  is  the  NORCAL  Econo-Pak,  whose  specifications  are 
shown  in  Table  14.  Note  that  these  specifications  meet  or  approach 
those  described  in  the  design  criteria.  There  are  also  several  other 
side  loader  designs  incorporating  the  concepts  described  above,  includ¬ 
ing  the  Maxon  Shu-Pak,  currently  one  of  the  most  widely  used  collec¬ 
tion  vehicles  in  the  Western  United  States. 

Modifications  required  for  MAF  application  are  only  minor  and  could 
be  performed  on  a  production  model. 

Application .  Any  area  with  a  concentration  of  waste-generating 
activities  provides  a  possible  location  for  vehicle  deployment.  Within  a 
Supply  Battalion,  for  example,  such  a  vehicle  could  be  used  nearly 
full-time  for  removing  waste  from  container  breakdown  and  packaging 
removal.  In  the  vicinity  of  the  supply  dump,  removal  of  miscellaneous 
packaging,  food  waste  from  the  mess,  waste  from  maintenance  and 
certain  repair  activities  would  occupy  another  one  or  more  of  these 
vehicles.  Depending  on  the  level  of  MAF  activity  and  the  governing 
logistics,  as  many  as  five  to  ten  compaction  vehicles  could  be  deployed 
at  one  time  to  serve  the  MAF. 

The  proper  time  for  deployment  of  compaction  vehicles  would  be 
sometime  between  D+15  and  D+30,  with  the  establishment  of  the  FSSG 
and  the  beginning  of  formal  waste  management  activities.  The  use  of 
compaction  vehicles  could  be  expanded  once  the  FSSG  is  in  place  and 
formal  channels  of  supply  have  been  developed. 

Equipment  Cost.  The  approximate  cost  of  the  NORCAL  Econo-Pak 
and  power  supply  is  about  $25,000.  Design  and  construction  of  a 
similar,  but  original,  concept  might  increase  the  cost  by  as  much  as 
50%. 


Evaluation  of  High  Density  Balers 


Design  Criteria.  The  general  design  criteria  for  evaluating  the 
baler  system  are  essentially  the  same  as  those  for  collection  vehicles. 

Mobility .  The  baler  envisioned  for  MAF  application  is  small,  com¬ 
pared  to  commercial  balers.  The  unit  could  be  mounted  either  on  a 
truck  or  on  skids  for  stationary  operation.  A  skid-mounted  stationary 
baler  is  most  appropriate  because  (as  with  the  compacting  collection 
vehicle)  it  does  not  require  a  vehicle  be  "dedicated."  Most  balers  are 
quite  long  (up  to  30  feet),  and  in  many  cases  will  require  ground 
transport  by  lowboy  trailer. 
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EJECTION  BLADE 
(WITH  PIVOTING 


Iternative  side-loading  compaction  body  mounted  on  vehicle 


Table  14.  Specifications  for  Norcal  Econo-Paka  Compaction  Body 


Item 

10  Cubic  Yards 

13  Cubic  Yards  1 

Overall  Length,  Dim.  "A"  (in.) 

133 

157 

Body  Length,  Dim.  "B"  (in.) 

96 

120 

Overall  Width  (in.) 

90 

90 

Height  Above  Chassis  Frame  (in.) 

66 

66 

Packing  Plate  Cylinder 

Telescopic 

Telescopic 

Packing  Blade  Force  (lb) 

50,000 

50,000 

Working  Pressure  (psi) 

1,800 

1,800 

Oil  Tank  Capacity  (gal) 

10 

10 

Guide  Block  Wear  Shoes 

4  (cast) 

4  (cast) 

Loading  Door  Width,  Dim.  "C"  (in.) 

36 

36 

Top  Door  (in  line  w/side  doors)  (in.) 

36  x  20 

36  x  20 

Weight  of  Body  (lb) 

3,740 

4,380 

Cab  to  Axle,  Dim.  "D"  (in.) 

-O 

00 

o 

vC 

72/84b 

GVW  Rating  (lb) 

10,000/14,000 

14,000 

Body  Construction:  High  tensile  steel  sheet,  reinforced  with 

structural  steel 

Hydraulics:  High  quality  heavy  duty  commercial  shearing 

telescopic  packing  cylinder 

Pump:  Borg  Warner 

Valve:  Gresen  or  equal 

Controls:  Manual,  Dead  Man 

Paint:  Top  grade  automotive,  white  standard 

Optional  Equipment:  Hopper  loader,  barrel  lift 

g 

Includes  specifications  for  use  of  special  cab/chassis. 
^Add  24  inches  between  body  and  cab  for  power  unit. 


Capacity  and  Weight.  A  baler  capacity  of  2  to  5  tons/hr  was 
specified,  based  on  the  waste  generation  rate  of  several  major  MAF 
functions.  The  weight  of  a  5- ton/hr  baler  is  approximately  equal  to  the 
maximum  lift  capacity  of  MAF  equipment.  Also,  larger  balers  would 
generate  bales  which  exceed  the  capacity  of  the  largest  MAF  forklifts. 

Operating  Power .  Solid  waste  balers  do  not  generally  include  their 
own  source  of  power.  An  external  source  is  therefore  needed.  A 
separate  30-  to  50-horsepower  generator  must  be  specified  as  part  of  a 
5-ton/hr  baler  system.  Integration  of  the  power  supply  with  the  baler 
is  not  possible,  as  the  dimensions  of  the  baler  are  already  restricted  in 
regard  to  MAF  handling  and  transport  capabilities. 
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Feed  Mechanics.  Most  high- volume  solid  waste  balers  are  of  hori- 
2ontal  design.  Solid  waste  is  loaded  into  a  hopper  from  the  top,  with  a 
reciprocating  ram  compacting  the  waste  against  one  end  of  the  baler. 
The  hopper  height,  on  even  the  smallest  baler,  can  be  as  much  as  5  to 
6  feet.  Some  type  of  mechanical  loading  device  may  be  necessary  for 
MAF  application  due  to  the  high  percentage  of  loose  waste.  An  in¬ 
clined,  cleated  conveyor,  a  special  forklift  attachment,  or  an  end  loader 
would  serve  this  purpose. 

Operation  Under  Varying  Climatic  Conditions.  It  is  not  anticipated 
that  the  baler  unit  will  require  modification  in  any  way  to  account  for 
varying  climatic  conditions.  Most  solid  waste  balers  are  designed  for 
sheltered  operation  in  civilian  application.  If  the  manufacturer  feels 
that  protection  of  the  baler  electrical  and  hydraulic  systems  is  impor¬ 
tant,  the  baler  could  instead  be  designed  for  outdoor  use.  Weather 
protection  is  not  a  major  concern  in  baler  design. 

Maintenance .  Simplicity  of  design  and  availability  of  replacement 
parts  are  both  critical  to  the  continued  maintenance  and  operation  of  a 
solid  waste  baler.  For  these  reasons,  a  standard  commercial  baler  is 
preferable. 

Product  Characteristics .  The  baler  should  achieve  the  greatest 
degree  of  compaction  possible.  The  maximum  allowable  bale  weight  is 
4,000  pounds,  based  on  the  capacity  of  MAF  forklifts  used  to  handle 
the  bale.  Commercially  available  balers  with  a  capacity  of  3  to  5  tons/ 
hr  generally  produce  a  bale  which  is  well  within  weight  limitations  for 
MAF  handling. 

Operating  Concept.  An  artist's  conception  of  an  MAF  baler  system 
in  operation  is  shown  in  Figure  10.  The  waste  is  delivered  by  compac¬ 
tor  truck  to  the  baler  location  where  it  is  loaded  either  mechanically  or 
manually  into  a  feed  conveyor  supported  by  a  soil  berm.  The  conveyor 
then  meters  the  feed  to  the  baler  until  a  bale  is  completed.  The  com¬ 
pleted  bale  is  then  strapped,  ejected,  and  stacked  for  later  transport  to 
the  landfill.  A  plan  view  of  the  baler  and  conveyor  layout  is  shown  in 
Figure  11. 

Handling  and  transportation  of  the  baler  and  conveyor  are  keys  to 
successful  MAF  application.  The  hydraulic  ram  and  strapping  unit  can 
be  removed  and  stored  separately  for  ease  of  transport,  significantly 
reducing  the  length  and  width  of  the  baler  for  shipment. 

The  conveyor  should  not  be  permanently  fixed  to  the  baler  itself. 
It  should  instead  disconnect  from  the  baler  at  the  pivot  point  for  more 
convenient  transportation.  The  baler  and  conveyor  each  require  a 
separate  generator,  which  could  be  drawn  from  existing  supplies  or 
deployed  at  the  same  time  as  the  baler  for  this  specific  function. 

Both  the  conveyor  and  the  baler  concepts  are  based  on  state-of- 
the-art  designs  and  could  be  readily  adapted  for  MAF  application. 

Comparison  With  Commercial  Equipment.  Table  15  is  a  summary  of 
commercially  available  refuse  balers  in  the  1-  to  10-ton/hr  capacity 
range.  Most  of  the  balers  listed  do  not  meet  the  specifications  due  to 
foundation  requirements  or  vertical  designs. 
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Baler  and  attached  feed  conveyor  (plan  view). 


Table  IS.  Summary  of  Commercially  Available  Solid  Waste  Balers 


continued 


Table  15.  Continued 


continued 


Table ' 15.  Continued 
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One  example,  however,  of  a  suitable  baler  is  the  Model  HRB-2S, 
manufactured  by  Harris  Press  and  Shear  (American  Hoist  and  Derrick 
Company).  Specifications  for  this  unit  are  presented  in  Table  16.  The 
HRB-2S  would  meet  the  design  criteria  set  forth  earlier  with  only  mini¬ 
mal  modification.  The  hydraulic  rams  and  strapping  device  are  all 
detachable,  and  the  unit  can  be  readily  mounted  on  skids.  The  princi¬ 
pal  design  modification  required  would  be  the  installation  of  a  sleeve  in 
the  ram  compartment,  as  this  model  is  designed  to  bale  paper  rather 
than  solid  waste.  Given  that  the  HRB-2S  and  several  other  baler 
models  also  meet  the  weight  and  power  constraints,  modification  of  these 
commercially  available  systems  for  MAF  application  appears  feasible. 

Application .  Balers  in  MAF  operations  would  be  used  in  areas  of 
deployment  similar  to  those  specified  for  the  refuse  collection  vehicle, 
including  any  area  with  a  concentration  of  waste-generating  activities. 

Equipment  Cost.  The  cost  of  a  5- ton/hr  baler,  modified  to  meet 
the  proposed  MAF  performance  specifications,  would  be  approximately 
$125,000.  Including  the  portable  generator  and  feed  conveyor,  the 
total  system  cost  is  approximately  $160,000,  excluding  shipment  and 
design . 


CONCLUSIONS  AND  RECOMMENDATIONS 

An  analysis  of  MAF  solid  waste  generation  and  composition  has 
shown  waste  generation  to  exceed  an  average  of  1,100  tons/day  during 
the  60  days  of  an  MAF  operation.  Because  waste  management  activities 
are  manpower-intensive  and  limited  to  the  use  of  available  general- 
purpose  military  vehicles,  there  is  room  for  improvement  in  both  man¬ 
power  and  equipment  efficiency.  Mechanization  of  MAF  solid  waste 
would  provide  substantial  manpower  and  equipment  savings  and  thus 
provide  more  resources  for  support  of  the  primary  mission.  The 
manpower-intensive  approach  of  handling  undensified  fractions  of  the 
solid  waste  indicates  that  volume  reduction  equipment  is  the  most  appro¬ 
priate  alternative  for  MAF  solid  waste  management. 

A  review  of  solid  waste  management  concepts  has  shown  volume 
reduction  devices  to  be  effective  in  reducing  manpower  and  equipment 
requirements.  Specifically,  compacting  collection  vehicles  and  high- 
density  solid  waste  balers  present  the  greatest  potential  for  improve¬ 
ment  in  MAF  solid  waste  management  activities. 

Incorporating  conceptual  MAF  scenarios  for  the  development  of 
solid  waste  management  alternatives  resulted  in  the  identification  of 
compacting  collection  vehicles  to  demonstrate  the  potential  of  reducing 
manpower  and  equipment  requirements  for  solid  waste  management  by 
more  than  60%.  Proper  deployment  of  five  to  ten  such  vehicles  could 
potentially  reduce  manpower  requirements  by  several  thousand  man¬ 
hours  during  the  first  60  days  of  an  MAF  operation. 

The  use  of  a  detachable  compaction  body  on  a  conventional  military 
stake-bed  truck  best  meets  MAF  requirements  for  compaction  collection 
vehicles.  The  body  would  permit  the  truck  to  return  as  necessary  to 
general  use,  would  be  designed  for  simple  installation  in  the  field,  and 
would  be  based  on  a  state-of-the-art  design. 
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Table  16.  Specifications  for  Harris 


HRB-2S  Baler 


Specification 

Details 

Approximate  Bale  Size  (expanded) 

*  Length  (in.) 

62 

*  Width  (in.) 

45  l 

*  Height  (in.) 

30 

*  Volume  (cu  ft) 

48.5 

Approximate  Bale  Weight  (lb) 

900-1,000 

Power  (hp) 

30  (standard) 

•  Motor 

230-460-volt,  3-phase,  across- 
the-line  starting  standard 

Approximate  Hourly  Production 

3-4 

(corrugated  cardboard  waste) 
(tons/hr) 

Approximate  Bale  Density 

18.5-20.5 

(corrugated  cardboard  waste) 

(lb/cu  ft) 

Hydraulics 

•  Cylinders 

*  Bale  Compression 

•  Bore  (in.) 

8 

•  Force  (tons) 

75 

*  Ram  Unit  Force  (psi) 

122 

•  Bale  Ejector 

•  Bore  (in.) 

7 

•  Force  (tons) 

57 

•  Hydraulic  System  Capacity  (gal) 

125 

Cooling 

Oil-to-air  heat 
exchanger  is  standard 

Automatic  Bale  Tier 

0.5  x  0.015-inch 
flat  strap  type 

Approximate  Machine  Weight  (lb) 

28,000 

In  situations  where  the  landfill  is  remote  from  the  principal  sources 
of  waste  generation,  a  solid  waste  baler  could  find  application  as  a 
transfer  point  and  volume  reduction  step.  A  review  of  commercially 
available  balers  shows  that  several  models  with  capacities  of  3  to  5 
tons/hr  would  best  suit  MAF  operations.  The  baler  would  be  designed 
for  stationary  operation,  powered  by  a  portable  generator,  and  fed  from 
either  an  elevated  tipping  area  or  an  inclined  conveyor  system.  Only 
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minor  modifications  would  be  required  to  meet  MAF  requirements.  Use 
of  the  stationary  baler  in  a  remote  landfill  scenario  shows  manpower  and 
vehicle  savings  in  excess  of  50%  over  the  use  of  a  compaction  vehicle 
alone. 

General  Recommendations 


If  immediate  relief  in  MARCORPS  training  exercises,  shore  facili¬ 
ties,  and  limited  remote  base  environments  is  desired,  the  adaptation  of 
commercially  available  equipment  should  be  investigated. 

Improvements  in  MAF  solid  waste  management  in  the  future  should 
be  directed  toward  three  principal  areas: 

•  Reducing  the  quantity  of  material  which  has  no  reuse  potential 

•  Reducing  the  physical  volume  of  waste  to  be  collected  and  dis¬ 
posed  of 

•  Mechanizing  the  destruction  of  classified  or  otherwise  secure 
equipment 

Any  level  of  improvement  in  these  areas  will  result  in  significant 
reductions  in  manpower  and  equipment  diverted  from  other  functions  for 
solid  waste  management.  The  "cost"  of  solid  waste  management  in  MAF 
operations  is  best  thought  of  in  these  terms. 

A  reduction  in  solid  waste  generation  can  be  accomplished  in 
several  ways: 

1 .  Equipment  and  supplies  should  employ  a  minimum  of  packaging 
material. 

2.  Packaging  material  used  should  be  specified  for  reuse  in  other 
functional  areas.  Recycling,  in  most  instances,  is  not  practical  but 
reuse  of  discarded  equipment,  supplies,  and  packaging  material  is 
common  and  should  be  made  easier  by  employing  materials  with  several 
functional  uses. 

3.  Nonreusable  materials  contained  in  the  MAF  Tables  of  Equipment  and 
Supplies  should  be  identified  and  an  effort  made  to  redesign  the  items 
for  multiple  use. 

4.  Updating  and  confirmation  of  the  MAF  waste  generation  data  base 
should  be  continued  so  as  to  account  for  any  changes  in  the  Tables  of 
Equipment  and  Supplies  and  differences  between  levels  of  MAF  activity. 

5.  The  Marine  Corps  should  pursue  the  design,  mahufacture,  and 
testing  of  a  detachable  compaction  body  for  MAF  refuse  collection.  The 
potential  for  manpower  and  equipment  savings  appears  to  far  over¬ 
shadow  the  relatively  low  cost  of  the  prototype. 

6.  The  Marine  Corps  should  also  consider  the  design,  manufacture, 
and  testing  of  a  stationary  baler  for  selective  use  in  MAF  operations. 
Because  of  the  relatively  high  cost  of  the  prototype,  the  decision  to 
proceed  with  a  baler  test  should  be  predicated  on  the  success  of  the 
compaction  vehicle  in  a  similar  test  situation.  Tests  for  both  the  com¬ 
paction  body  and  the  baler  should  be  performed  as  part  of  full-scale 
MAF  exercises. 
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Volume  reduction  is  the  most  commonly  used  processing  step  in 
municipal  solid  waste  collection  and  disposal.  The  only  reduction  in 
waste  volume  which  takes  place  during  an  MAF  operation  is  open  burn¬ 
ing  at  the  dump  site.  The  real  advantage  to  volume  reduction  is 
realized  through  reduced  handling  and  transport  requirements,  which 
are  shown  to  be  excessive  during  MAF  operations. 


LIST  OF  ABBREVIATIONS 

AE  Assault  Echelon  (D-Day  through  D+15) 

AFOE  Assault  Follow-On  Echelon  (D+15  through  D+30) 

BSA  Beach  Support  Area 

FE  Flight  Echelon  (D+30  through  end  of  operation,  D+60) 

FSSG  Force  Services  Support  Group 

LSA  Logistics  Support  Area 

MAF  Marine  Amphibious  Force 

MAW  Marine  Air  Wing 

OPDEP  Operational  Deployment 

TUMSS  Type  Unit  Mobility  Statistics  System 
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PERSONNEL  CONTACTED  OR  INTERVIEWED 


LTCOL  J.  W.  Medis 
Head,  Logistics  Branch 
Concepts,  Doctrine  and  Studies  Activity 
Quantico,  Virginia 

Donald  Danner 

Logistics  Management  Specialist 
Logistics  Branch 

Concepts,  Doctrine  and  Studies  Activity 
Quantico,  Virginia 

LCDR  Ernest  Richardson 
Logistics  Branch 

Concepts,  Doctrine  and  Studies  Activity 
Quantico,  Virginia 

LTCOL  J.  M.  Gratto 
Chief  Instructor 
Amphibious  Warfare  School 
Quantico,  Virginia 

COL  James  B.  Soper 
(USMC  Ret) 

Daytona  Beach,  Florida 

John  H.  Locke 

Chief,  Ammunition  and  Missile  Branch 
HQMC 

James  McCown 

Inventory  Management  Specialist 
Ordnance  and  Missile  Branch 
HQMC 

LCDR  Harry  White 
Maintenance  and  Logistics  Division 
Quantico,  Virginia 

Henry  Shaw,  Jr. 

Historian 
USMC  Archives 
Washington  Navy  Yard 
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MAJ  John  Woodhear  and  MAJ  Stan  Skrobialowski 
Field  Maintenance  Branch 
Installation  and  Logistics  Department 
Materiel  Division 
HQMC 

LCDR  James  McCarty 
Medical  Logistics  Officer 
Logistics  Plans  and  Policy  Branch 
Installation  and  Logistics  Department 
HQMC 

CDR  George  Paris 

Administrative  Officer  to  the  Medical  Officer  of  the  USMC 
HQMC 

LCDR  John  Aulls 

Defense  Medical  Materiel  Branch 

Fort  Detrick,  Maryland 

James  Welker 

Naval  Facilities  Engineering  Command 
Alexandria,  Virginia 

MSGT  John  Punchak 
Food  Services 
Quantico,  Virginia 

MAJ  Scott  Weathers 
HQMC 

CAPT  Robert  Packard 
HQMC 

MAJ  George  Weinbrenner 
Plans  Officer  G-4 
Second  Marine  Division 
Camp  Lejeune,  North  Carolina 

MAJ  Douglas  James 

Division  Information  Systems  Management  Office 

Second  Marine  Division 

Camp  Lejeune,  North  Carolina 

LTCOL  John  H.  Reece 

Head,  Distribution  and  Storage  Systems  Branch 
Logistics  Systems  Support  Division 
Marine  Corps  Logistics  Support  Base  Atlantic 
Albany,  Georgia 

COL  Barry  P.  Rust 

Director,  Materiel  Division 

Marine  Corps  Logistics  Support  Base  Atlantic 

Albany,  Georgia 
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CAPT  D.  W.  Showalter 
S-4,  Supply  Battalion 
First  MAF 

Camp  Pendleton,  California 
MAJ  F.  Butsko 

Seventh  Engineering  and  Support  Battalion 
First  MAF 

Camp  Pendleton,  California 
Joseph  T.  Abernathy 

Chief,  Preservation,  Packaging,  and  Packing  Section 
MOWASP  Branch 
Materiel  Division 

Marine  Corps  Logistics  Support  Base  Atlantic 
Albany,  Georgia 

MAJ  G.  T.  Halt 
CSS/FSSG  First  MAF 
Camp  Pendleton,  California 

MSGT  F.  E.  Scherr 
Group  Embarkation  Officer 
First  FSSG 

Camp  Pendleton,  California 
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AAP  NAVORDSTA  IND  HD  DET  PW  ENGRNG  DIV.  McAlester.  OK 

AFB  (AFIT/LD),  Wrighl-Paiterson  OH:  AF  Tech  Office  (Mgt  &  Ops).  Tyndall.  FL;  AFCEC/XR.Tyndall  FL; 
AUL/LSE  63-465,  Maxwell  AL;  CESCH.  Wright-Patterson:  HO  Tactical  Air  Cmd  (R.  E.  Fisher).  Langley 
AFB  VA:  MAC/DET  (Col.  P.  Thompson)  Scott.  IL:  SAMSO/MNND.  Norton  AFB  CA;  Stinfo  Library. 
Offutt  NE 

ARMY  ARRADCOM.  Dover.  NJ;  BMDSC-RE  (H.  McClellan)  Huntsville  AL;  DAEN-CWE-M  (LT  C  D 
Binning).  Washington  DC;  DAEN-MPE-D  Washington  DC;  DAEN-MPU.  Washington  DC;  ERADCOM 
Tech  Supp  Dir.  (DELSD-L)  Ft.  Monmouth.  NJ;  Engr  District  (Memphis)  Library.  Memphis  TN; 
HQ-DAEN-MPO-B  (Mr.  Price):  Tech.  Ref.  Div..  Fort  Huachuca.  AZ 
ARMY  -  CERL  Library.  Champaign  IL 

ARMY  AMMUNITION  PLANT  Sarhw  -  FEM  Hawthorne.  NY 
ARMY  COASTAL  ENGR  RSCH  CEN  Fort  Belvoir  VA 

ARMY  CORPS  OF  ENGINEERS  MRD-Eng.  Div..  Omaha  NE:  Seattle  Dist.  Library.  Seattle  WA 
ARMY  ENG  DIV  HNDED-CS.  Huntsville  AL;  HNDED-SR,  Huntsville.  AL 
ARMY  ENG  WATERWAYS  EXP  STA  Library.  Vicksburg  MS 
ARMY  ENGR  DIST.  Library.  Portland  OR 

ARMY  ENVIRON.  HYGIENE  AGCY  Dir.  Environ.  Oual.  Edgewood  Arsenal  MD:  HSE-RP-HG/Pest  Coord. 

Arberdecn  Proving  Ground.  MD:  Water  Oual  Div  (Doner).  Aberdeen  Prov  Ground.  MD 
ARMY  MATERIALS  &  MECHANICS  RESEARCH  CENTER  Dr.  Lcnoc.  Watertown  MA 
ARMY  TRANSPORTATION  SCHOOL  MAJ  T  Sweeney.  Code  ATSP  CD-TE  Fort  Eustis  VA 
ASO  PWD  (ENS  J.A.  Jenkins).  Philadelphia.  PA 

ASST  SECRETARY  OF  THE  NAVY  Spec.  Assist  Energy  (Leonard).  Washington.  DC 

BUMED  Field  Med  Svc  School.  Camp  Pendleton.  CA 

BUREAU  OF  RECLAMATION  Code  1512  (C.  Sclander)  Denver  CO 

CINCLANT  Civil  Engr.  Supp.  Plans.  Ofr  Norfolk,  VA 

CINCPAC  Fac  Engrng  Div  (J44)  Makalapa.  HI 

CNAVRES  Code  13  (Dir.  Facilities)  New  Orleans.  LA 

CNO  Code  NOP-964.  Washington  DC;  Code  OP-413  Wash.  DC:  OP987J  (J.  Boosman).  Pentagon 

COMCBPAC  Operations  Off.  Makalapa  HI 

COMFAIRWESTPAC  Security  Offr.  Misawa  Japan 

COMFLEACT.  OKINAWA  PWO.  Kadena.  Okinawa 

COMNAVBEACHPHIBREFTRAGRU  ONE  San  Diego  CA 

COMNAVMARIANAS  Code  N4.  Guam 

COMOCEANSYSPAC  SCE.  Pearl  Harbor  HI 

DEFENSE  CIVIL  PREPAREDNESS  AGENCY  J  O.  Buchanan.  Washington  DC 
DEFENSE  INTELLIGENCE  AGENCY  Dir..  Washington  DC 
DLSIE  Army  Logistics  Mgt  Center.  Fort  Lee.  VA 

DOD  Explosives  Safety  Board  (Library),  Washington  DC;  Staff  Spec.  Chcm.  Tech.  Washington  DC 

DOE  Dr.  Cohen;  Liffick.  Richmond.  WA 

DTIC  Defense  Technical  Info  Ctr/Alexandria.  VA 

DTNSRDC  Code  284  (A  Rufolo).  Annapolis  MD 

DTNSRDC  Code  42.  Belhesda  MD 

DTNSRDC  Code  522  (Library),  Annapolis  MD 

ENVIRONMENTAL  PROTECTION  AGENCY  Reg.  VIII.  8M-ASL.  Denver  CO;  Reg  X  Lib.  (M/S  541). 
Seattle  WA 

FAA  Civil  Aeromedical  Institute.  Oklahoma  City.  OK 
FLTCOMBATTRACENLANT  PWO.  Virginia  Bch  VA 
FMFLANT  CEC  Offr.  Norfolk  VA 

GSA  Fed.  Sup.  Serv.  (FMBP),  Washington  DC;  Office  of  Const.  Mgmt  (M.  Whitley).  Washington  DC 
HCU  ONE  CO.  Bishops  Point.  HI 
KWAJALEIN  MISRAN  BMDSC-RKL-C 

MARINE  CORPS  BASE  Camp  Pendleton  CA  92055;  Code  43-260.  Camp  Lcjcunc  NC:  M  &  R  Division.  Camp 
Lejcunc  NC;  PWO  Camp  Lejeunc  NC;  PWO.  Camp  S.  D.  Butler.  Kawasaki  Japan 
MARINE  CORPS  HQS  Code  LFF-2.  Washington  DC 


MCAS  Facil.  Engr.  Div.  Cherry  Point  NC;  CO,  Kaneohe  Bay  HI;  Code  PWE.  Kaneohe  Bay  HI;  Code  S4. 
Quantico  VA;  PWD.  Dir,  Maim.  Control  Div.,  Iwakuni  Japan;  PWO  Kaneohe  Bay  HI:  PWO.  Yuma  AZ; 
SCE.  Eutema  Japan 

MCDEC  NSAP  REP.  Quantico  VA;  P&S  Div  Ouantico  VA 

MCLSBPAC  B520.  Barstow  CA 

MCRD  PWO.  San  Diego  Ca 

MILITARY  SEALIFT  COMMAND  Washington  DC 

NAD  Engr.  Dir.  Hawthorne.  NV 

NAF  PWD  -  Engr  Div.  Atsugi.  Japan;  PWO  Sigonella  Sicily;  PWO.  Atsugi  Japan 
NALF  OINC.  San  Diego.  CA 

NARF  Code  100.  Cherry  Point.  NC;  Code  612,  Jax,  FL;  Code  640.  Pensacola  FL 
NAS  CO.  Guantanamo  Bay  Cuba;  Code  114.  Alameda  CA;  Code  183  (Fac.  Plan  BR  MGR):  Code  187. 
Jacksonville  FL:  Code  18700.  Brunswick  ME:  Code  I8U  (ENS  P.J.  Hickey).  Corpus  Christi  TX:  Code  70. 
Atlanta.  Marietta  GA:  Code  8E.  Patuxent  Riv..  MD:  Dir.  Util.  Div..  Bermuda:  ENS  Buchholz.  Pensacola. 
FL:  Lakehurst.  NJ:  PW  (J.  Maguire).  Corpus  Christi  TX;  PWD  Maint.  Div..  New  Orleans.  Belle  Chasse 
LA:  PWD.  Willow  Grove  PA;  PWO  Belle  Chasse.  LA:  PWO  Chase  Field  Beeville.  TX:  PWO  Kev  West  FL: 
PWO  Whiting  Fid.  Milton  FL.  PWO.  Dallas  TX:  PWO.  Glenview  IL;  PWO.  Kingsville  TX;  PWO. 

Millington  TN;  PWO.  Miramar.  San  Diego  CA;  PWO..  Moffett  Field  CA;  SCE  Lant  Fleet  Norfolk.  VA: 

SCE  Norfolk,  VA;  SCE.  Barbers  Point  HI 
NATL  RESEARCH  COUNCIL  Naval  Studies  Board.  Washington  DC 
NATNAVMEDCEN  PWO  Bethesda.  MD 
NAVACTDET  PWO.  Holy  Lock  UK 
NAVAEROSPREGMEDCEN  SCE.  Pensacola  FL 
NAVAVIONICFAC  PWD  Deputy  Dir.  D/701.  Indianapolis.  IN 
NAVCOASTSYSCEN  Code  772  (C  B  Koesy)  Panama  City  FL 

NAVCOASTSYSTCTR  Code  423  (D.  Good).  Panama  City  FL;  Code  713  (J.  Quirk)  Panama  City.  FL:  Library 
Panama  City.  FL 

NAVCOMMAREAMSTRSTA  Maint  Control  Div..  Wahiawa.  HI:  PWO.  Norfolk  VA;  PWO.  Wahiawa  HI:  SCE 
Unit  1  Naples  Italy 

NAVCOMMSTA  CO  (61E)  Puerto  Rico;  Code  401  Nea  Makri,  Greece;  PWO.  Exmouth.  Australia:  PWO.  Fort 
Amador  Canal  Zone 

NAVEDTRAPRODEVCEN  Tech.  Library 
NAVEDUTRACEN  Engr  Dept  (Code  42)  Newport.  RI 
NAVENVIRHLTHCEN  CO.  Norfolk.  VA 
NAVEODFAC  Code  605.  Indian  Head  MD 

NAVFAC  PWO,  Cape  Hatleras.  Buxton  NC;  PWO.  Centerville  Bch.  Ferndale  CA 
NAVFAC  PWO.  Lewes  DE 

NAVFACENGCOM  Code  043  Alexandria.  VA;  Code  044  Alexandria.  VA;  Code  (MSI  Alexandria.  VA;  Code 
0454B  Alexandria.  Va;  Code  04B5  Alexandria.  VA;  Code  08IB  Alexandria.  VA;  Code  100  Alexandria.  VA; 
Code  1113  (M.  Carr)  Alexandria.  VA;  Code  1113  (T.  Stevens)  Alexandria.  VA;  Morrison  Yap.  Caroline  Is.; 

P  W  Brewer  Alexandria.  VA 

NAVFACENGCOM  -  CHES  DIV.  Code  101  Wash.  DC;  Code  405  Wash.  DC 

NAVFACENGCOM  -  LANT  DIV.  CDR  E.  Peltier:  Eur.  BR  Deputy  Dir,  Naples  Italy:  European  Branch.  New 
York.  RDT&ELO  102.  Norfolk  VA 

NAVFACENGCOM  -  NORTH  DIV.  (Boretsky)  Philadelphia.  PA;  CO;  Code  (19P  (LCDR  A.J.  Stcwan);  Code 
1028.  RDT&ELO.  Philadelphia  PA;  Code  III  (Castranovo)  Philadelphia.  PA;  Code  114  (A.  Rhoads): 

Design  Div.  (R.  Masino).  Philadelphia  PA;  ROICC.  Contracts,  Crane  IN 
NAVFACENGCOM  •  PAC  DIV.  Code  2011  Pearl  Harbor.  HI:  Code  402.  RDT&E.  Pearl  Harbor  HI: 
Commander.  Pearl  Harbor.  HI 

NAVFACENGCOM  -  SOUTH  DIV.  Code  90.  RDT&ELO.  Charleston  SC 

NAVFACENGCOM  -  WEST  DIV.  112;  AROICC.  Contracts.  Twemyninc  Palms  CA;  Code  04B  San  Bruno, 

CA;  Code  II4C.  San  Diego  CA;  O9P/20  San  Bruno,  CA;  RDT&ELO  Code  2011  San  Bruno.  CA 
NAVFACENGCOM  CONTRACT  AROICC,  Point  Mugu  CA;  AROICC.  Ouantico.  VA:  Code  09E.  TRIDENT. 
Bremerton  WA;  Dir.  Eng.  Div..  Exmouth.  Australia;  Eng  Div  dir.  Southwest  Pac.  Manila.  PI:  OtCC 
(Knowlton).  Kaneohe.  HI:  OICC.  Southwest  Pac.  Manila.  PI;  OICC/ROICC.  Balboa  Canal  Zone;  ROICC 
AF  Guam:  ROICC  LANT  DIV.,  Norfolk  VA.  ROICC.  Keflavik,  Iceland;  ROICC.  Pacific.  San  Bruno  CA 
NAVFORCARIB  Commander  (N42).  Puerto  Rico 
NAVNUPWRU  MUSE  DET  Code  NPU-30  Port  Hueneme.  CA 
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NAVOCEANO  Code  1600  Bay  St.  Louis,  MS 

NAVOCEANSYSCEN  Code  41,  San  Diego,  CA;  Code  52  (H.  Talkington)  San  Diego  CA;  Research  Lib.,  San 
Diego  CA;  Tech.  Library,  Code  447 
NAVORDFAC  Security  Offr,  Sasebo.  Japan 
NAVORDSTA  PWO.  Louisville  KY 
NAVPETOFF  Code  30.  Alexandria  VA 
NAVPETRES  Director.  Washington  DC 
NAVPGSCOL  E.  Thornton,  Monterey  CA 
NAVPHIBASE  CO,  ACB  2  Norfolk.  VA;  Code  S3T,  Norfolk  VA 
NAVRADRECFAC  PWO.  Kami  Seya  Japan 

NAVREGMEDCEN  Code  29,  Env.  Health  Serv,  (Al  Bryson)  San  Diego.  CA;  Code  3041,  Memphis,  Millington 
TN,  PWO  Newport  Rl;  SCE  (D.  Kaye);  SCE  San  Diego.  CA;  SCE,  Camp  Pendleton  CA;  SCE,  Oakland  CA 
NAVREGMEDCL1NIC  F.  Hertlein  III,  Pearl  Harbor  HI 

NAVSCOLCECOFF  C35  Port  Hueneme.  CA;  CO.  Code  C44A  Port  Hueneme,  CA 

NAVSEASYSCOM  Code  0325,  Program  Mgr,  Washington.  DC;  Code  OOC  (LT  R.  MacDougal).  Washington 
DC;  Code  SEA  OOC  Washington.  DC 
NAVSEC  Code  6034  (Library).  Washington  DC 

NAVSECGRUACT  Facil.  Off..  Galeta  Is.  Canal  Zone;  PWO,  Adak  AK;  PWO.  Edzell  Scotland;  PWO.  Puerto 
Rico;  PWO.  Torri  Sta.  Okinawa 

NAVSHIPYD;  Code  202.5  (Library)  Puget  Sound,  Bremerton  WA;  Code  380.  (Woodroff)  Norfolk.  Portsmouth. 
VA;  Code  400,  Puget  Sound;  Code  400.03  Long  Beach.  CA;  Code  404  (LT  J.  Riccio),  Norfolk,  Portsmouth 
VA;  Code  410,  Mare  Is.,  Vallejo  CA;  Code  440  Portsmouth  NH;  Code  440.  Norfolk;  Code  440.  Puget 
Sound.  Bremerton  WA;  Code  450,  Charleston  SC;  L.D.  Vivian;  Library.  Portsmouth  NH;  PWD  (Code  400). 
Philadelphia  PA;  PWO,  Mare  Is.;  PWO,  Puget  Sound;  SCE,  Pearl  Harbor  HI;  Tech  Library,  Vallejo,  CA 
NAVSTA  CO  Naval  Station,  Mayport  FL;  CO  Roosevelt  Roads  P.R.  Puerto  Rico;  Dir  Mech  Engr,  Gtmo; 

Engr.  Dir..  Rota  Spain;  Long  Beach.  CA;  Maint.  Cont.  Div..  Guantanamo  Bay  Cuba;  Maint.  Div.  Dir/Code 
531,  Rodman  Canal  Zone;  PWD  (LTJG.P.M.  Motolenich).  Puerto  Rico;  PWO  Midway  Island;  PWO. 

Keflavik  Iceland;  PWO,  Mayport  FL;  ROICC,  Rota  Spain;  SCE.  Guam;  SCE.  Subic  Bay.  R.P.;  Utilities 
Engr  Off.  (A.S.  Ritchie).  Rota  Spain 
NAVSUBASE  ENS  S.  Dove,  Groton.  CT;  SCE.  Pearl  Harbor  HI 
NAVSUPPACT  CO.  Seattle  WA 

NAVSTA  Code  4.  12  Marine  Corps  Dist,  Treasure  Is.,  San  Francisco  CA 
NAVSUPPACT  Code  413,  Seattle  WA;  LTJG  McGarrah.  SEC.  Vallejo.  CA 
NAVSTA  Security  Offr,  San  Francisco,  CA 
NAVSURFWPNCEN  PWO,  White  Oak.  Silver  Spring,  MD 
NAVTECHTRACEN  SCE.  Pensacola  FL 
NAVUSEAWARENGSTA  Keyport.  WA 

NAVWPNCEN  Code  24  (Dir  Safe  &  Sec)  China  Lake,  CA;  Code  2636  (W.  Bonner).  China  Lake  CA;  PWO 
(Code  26),  China  Lake  CA 

NAVWPNSTA  Code  092.  Colts  Neck  NJ;  Maint.  Control  Dir.,  Yorktown  VA 

NAVWPNSTA  PW  Office  (Code  09C1)  Yorktown,  VA 

NAVWPNSTA  PWO.  Seat  Beach  CA 

NAVWPNSUPPCEN  Code  09  Crane  IN 

NCBU  405  OIC,  San  Diego,  CA 

NCBC  Code  10  Davisvjllc,  RI;  Code  155,  Port  Hueneme  CA;  Code  156.  Port  Hueneme.  CA;  Code  25111  Port 
Hueneme,  CA;  Code  400,  Gulfport  MS;  NESO  Code  251  P.R.  Winter  Port  Hueneme.  CA;  PW  Engrg. 
Gulfport  MS;  PWO  (Code  SO)  Port  Hueneme,  CA 
NCR  20,  Commander 
NCSO  BAHRAIN  Security  Offr,  Bahrain 

NMCB  5,  Operations  Dept.;  74,  CO;  Forty,  CO;  THREE,  Operations  Off. 

NOAA  Library  Rockville,  MD 

NORDA  Code  410  Bay  St.  Louis.  MS;  Code  440  (Ocean  Rich  Off)  Bay  SI.  Louis  MS 

NSC  CO,  Biomedical  Rsch  Lab,  Oakland  CA;  Code  54.1  (Wynne),  Norfolk  VA;  Security  Offr,  Hawaii 

NSD  SCE,  Subic  Bay,  R.P. 

NTC  Commander  Orlando,  FL;  OICC,  CBU-401,  Great  Lakes  IL 

NUSC  Code  131  New  London.  CT;  Code  EAI23  (R.S.  Munn),  New  London  CT;  Code  SB  331  (Brown). 

Newport  RI 

OCEANAV  Mangmt  Info  Div.,  Arlington  VA 


OCEANSYSLANT  LT  A.R.  Giancola,  Norfolk  VA 

OFFICE  SECRETARY  OF  DEFENSE  OASD  (MRA&L)  Pentagon  (T.  Casberg),  Washington,  DC 
ONR  Code  481,  Arlington  VA;  Code  481,  Bay  St.  Louis.  MS;  Code  700F  Arlington  VA;  Dr.  A.  Laufer. 
Pasadena  CA 

TACMISRANFAC  CO.  Kekaha  HI 
PHIBCB  I  P&E.  Coronado.  CA 
PMTC  Pat.  Counsel.  Point  Mugu  CA 

PWC  (Lt  E.S.  Agonoy)  Pensacola.  FL.  ACE  Office  (LTJG  St.  Germain)  Norfolk  VA;  CO  Norfolk,  VA.  CO. 
(Code  10).  Oakland.  CA;  CO,  Great  Lakes  IL;  Code  10,  Great  Lakes.  IL;  Code  110.  Oakland.  CA;  Code 
120,  Oakland  CA;  Code  I20C,  (Library)  San  Diego.  CA;  Code  128.  Guam;  Code  154.  Great  Lakes.  IL; 
Code  200.  Great  Lakes  IL;  Code  200,  Guam;  Code  220  Oakland.  CA;  Code  220.1.  Norfolk  VA;  Code  30C, 
San  Diego,  CA;  Code  400.  Great  Lakes.  IL;  Code  400,  Oakland.  CA;  Code  400,  Pearl  Harbor,  HI;  Code 
400,  San  Diego.  CA;  Code  42B  (R.  Pascua).  Pearl  Harbor  HI;  Code  S05A  (H.  Wheeler);  Code  600.  Great 
Lakes.  IL;  Code  601.  Oakland.  CA;  Code  610,  San  Diego  Ca;  Code  700.  Great  Lakes.  IL;  Code  700.  San 
Diego.  CA;  Library.  Subic  Bay.  R.P.;  Utilities  Officer,  Guam;  XO  (Code  20)  Oakland,  CA 
SPCC  PWO  (Code  120)  Mechanicsburg  PA 
NAF  PWO  (Code  30)  El  Centro.  CA 

U  S.  MERCHANT  MARINE  ACADEMY  Kings  Point.  NY  (Reprint  Custodian) 

US  DEPT  OF  COMMERCE  NOAA,  Pacific  Marine  Center.  Seattle  WA 

US  DEPT  OF  HEALTH.  ED..  &  WELFARE  Food  &  Drug  Admin.  (A.  Story).  Dauphin  Is.  AL 

US  GEOLOGICAL  SURVEY  Off.  Marine  Geology.  Piteleki.  Reslon  VA 

US  NATIONAL  MARINE  FISHERIES  SERVICE  Highlands  NY  (Sandy  Hook  Lab-Library) 

US  NAVAL  FORCES  Korea  (ENJ-P&O) 

USAF  REGIONAL  HOSPITAL  Fairchild  AFB.  WA 

USCG  (G-ECV)  Washington  Dc;  (Smith).  Washington.  DC;  G-EOE-4/61  (T.  Dowd).  Washington  DC 
USCG  R&D  CENTER  CO  Groton.  CT:  Tech.  Dir.  Groton.  CT 

USDA  Forest  Products  Lab,  Madison  Wl;  Forest  Service,  Bowers.  Atlanta.  GA;  Forest  Service.  San  Dimas.  CA 
USEUCOM  (ECJ4/L-LO).  Wright.  Stuttgart.  GE 

USNA  Energy-Environ  Study  Grp.  Annapolis.  MD;  Environ.  Prot.  R&D  Prog.  (J.  Williams).  Annapolis  MD; 
Ocean  Sys.  Eng  Dept  (Dr.  Monney)  Annapolis.  MD;  Civil  Engr  Dept  (R.  Erchyl)  Annapolis  MD;  PWD 
Engr.  Div.  (C.  Bradford)  Annapolis  MD;  PWO  Annapolis  MD 
AVALON  MUNICIPAL  HOSPITAL  Avalon.  CA 
BROOKHAVEN  NATL  LAB  M.  Steinberg.  Upton  NY 
CALIF.  DEPT  OF  FISH  &  GAME  Long  Beach  CA  (Marine  Tech  Info  Ctr) 

CALIF.  DEPT  OF  NAVIGATION  &  OCEAN  DEV.  Sacramento.  CA  (G.  Armstrong) 

CALIFORNIA  INSTITUTE  OF  TECHNOLOGY  Pasadena  CA  (Keck  Ref.  Rm) 

COLORADO  STATE  UNIV..  FOOTHILL  CAMPUS  Fort  Collins  (Nelson) 

CORNELL  UNIVERSITY  Ithaca  NY  (Serials  Dept.  Engr  Lib.) 

DAMES  &  MOORE  LIBRARY  LOS  ANGELES.  CA 
FLORIDA  ATLANTIC  UNIVERSITY  Boca  Raton.  FL  (McAllister) 

FLORIDA  TECHNOLOGICAL  UNIVERSITY  ORLANDO.  FL  (HARTMAN) 

FOREST  INST.  FOR  OCEAN  &  MOUNTAIN  Carson  City  NV  (Studies  -  Library) 

GEORGIA  INSTITUTE  OF  TECHNOLOGY  (LT  R.  Johnson)  Atlanta.  GA 

ILLINOIS  STATE  GEO.  SURVEY  Urbana  IL 

INSTITUTE  OF  MARINE  SCIENCES  Morehead  City  NC  (Director) 

WOODS  HOLE  OCEANOGRAPHIC  INST.  Woods  Hole  MA  (Wingct) 

KEENE  STATE  COLLEGE  Keene  NH  (Cunningham) 

LEHIGH  UNIVERSITY  Bethlehem  PA  (Fritz  Engr.  Lab  No.  13.  Bccdlc);  Bethlehem  PA  (Linderman  Lib. 
No.30.  Flecksteiner) 

MAINE  OFFICE  OF  ENERGY  RESOURCES  Augusta.  ME 
MISSOURI  ENERGY  AGENCY  Jefferson  City  MO 

MIT  Cambridge  MA;  Cambridge  MA  (Rm  10-500.  Tech.  Reports.  Engr.  Lib.);  Cambridge.  MA  (Harlcman) 
NATL  ACADEMY  OF  ENG.  ALEXANDRIA.  VA  (SEARLE.  JR.) 

NY  CITY  COMMUNITY  COLLEGE  BROOKLYN.  NY  (LIBRARY) 

NYS  ENERGY  OFFICE  Library,  Albany  NY 
OREGON  STATE  UNIVERSITY  (CE  Dept  Grace)  Corvallis.  OR 
POLLUTION  ABATEMENT  ASSOC.  Graham 
PURDUE  UNIVERSITY  Lafayette.  IN  (CE  Engr.  Lih) 
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SEATTLE  U  Prof  Schwaegler  Seattle  WA 
STANFORD  UNIVERSITY  Engr  Lib.  Stanford  CA 

STATE  UN1V.  OF  NEW  YORK  Buffalo.  NY;  Fort  Schuyler,  NY  (Longobardi) 

TEXAS  A&M  UNIVERSITY  College  Station  TX  (CE  Dept.  Herbich);  W.B.  Ledbetter  College  Station,  TX 
UNIVERSITY  OF  CALIFORNIA  BERKELEY.  CA  (CE  DEPT.  MITCHELL);  Berkeley  CA  (E.  Pearson); 

LIVERMORE.  CA  (LAWRENCE  LIVERMORE  LAB.  TOKARZ);  La  Jolla  CA  (Acq.  Dept,  Lib  C-075A) 
UNIVERSITY  OF  DELAWARE  Newark.  DE  (Dept  of  Civil  Engineering.  Chesson) 

UNIVERSITY  OF  HAWAII  HONOLULU.  HI  (SCIENCE  AND  TECH.  DIV.) 

UNIVERSITY  OF  ILLINOIS  Metz  Ref  Rm.  Urbana  IL;  URBANA.  IL  (LIBRARY).  URBANA.  IL 
(NEWMARK) 

UNIVERSITY  OF  NEBRASKA-L/NCOLN  Lincoln.  NE  (Ross  Ice  Shelf  Pro).) 

UNIVERSITY  OF  RHODE  ISLAND  KINGSTON.  RI  (SUSSMAN) 

UNIVERSITY  OF  TEXAS  Inst.  Marine  Sci  (Library).  Port  Arkansas  TX 
UNIVERSITY  OF  TEXAS  AT  AUSTIN  AUSTIN.  TX  (THOMPSON) 

UNIVERSITY  OF  WASHINGTON  (FH-IO,  D.  Carlson)  Seattle.  WA;  SEATTLE.  WA  (OCEAN  ENG  RSCH 
LAB,  GRAY);  Seattle  WA  (E.  Linger) 

UNIVERSITY  OF  WISCONSIN  Milwaukee  WI  (Ctr  of  Great  Lakes  Studies) 

VIRGINIA  INST.  OF  MARINE  SCI.  Gloucester  Point  VA  (Library) 

AMETEK  Offshore  Res.  &  Engr  Div 

ARCAIR  CO.  D.  Young.  Lancaster  OH 

ARVID  GRANT  OLYMPIA.  WA 

ATLANTIC  RICHFIELD  CO.  DALLAS.  TX  (SMITH) 

AWWA  RSCH  FOUNDATION  R.  Heaton.  Denver  CO 

BAGGS  ASSOC.  Beaufort.  SC 

BECHTEL  CORP.  SAN  FRANCISCO.  CA  (PHELPS) 

BRITISH  EMBASSY  Sci.  &  Tech.  Dept.  (J.  McAuley).  Washington  DC 
BROWN  &  CALDWELL  E  M  Saunders  Walnut  Creek,  CA 
BROWN  &  ROOT  Houston  TX  (D.  Ward) 

CANADA  Mem  Univ  Newfoundland  (Chari),  St  Johns;  Nova  Scotia  Rsch  Found.  Corp.  Dartmouth.  Nova 
Scotia;  Surveyor,  Nenningcr  &  Cheneverf  Inc.,  Montreal;  Trans-Mnt  Oil  Pipe  Lone  Corp.  Vancouver.  BC 
Canada;  Warnock  Hersey  Prof.  Srv  Ltd.  La  Sale.  Quebec 
CHEMED  CORP  Lake  Zurich  IL  (Dearborn  Chem.  Div. Lib.) 

COLUMBIA  GULF  TRANSMISSION  CO.  HOUSTON,  TX  (ENG.  LIB.) 

CROWLEY  ENVIRON.  SERV.  CORP  Anchorage.  AK 
DIXIE  DIVING  CENTER  Decatur.  GA 
DURLACH,  O'NEAL.  JENKINS  &  ASSOC.  Columbia  SC 
EVALUATION  ASSOC.  INC  KING  OF  PRUSSIA.  PA  (FEDELE) 

FORD.  BACON  &  DAVIS.  INC.  New  York  (Library) 

GENERAL  DYNAMICS  Elec.  Boat  Div..  Environ.  Engr  (H.  Wallman).  Groton  CT 
GEOTECHNICAL  ENGINEERS  INC.  Winchester.  MA  (Paulding) 

GRUMMAN  AEROSPACE  CORP.  Bethpage  NY  (Tech.  Info.  Ctr) 

LOCKHEED  MISSILES  &  SPACE  CO.  INC.  Sunnyvale,  CA  (K.L.  Krug) 

LOCKHEED  OCEAN  LABORATORY  San  Diego  CA  (F.  Simpson) 

MATRECON  Oakland.  CA  (Haxo) 

MCDONNEL  AIRCRAFT  CO.  Dept  501  (R.H.  Fayman).  St  Louis  MO 
MIDLAND-ROSS  CORP.  TOLEDO.  OH  (RINKER) 

MOFFATT  &  NICHOL  ENGINEERS  (R.  Palmer)  Long  Beach.  CA 
NEWPORT  NEWS  SHIPBLDG  *  DRYDOCK  CO.  Newport  News  VA  (Tech.  Lib.) 

OCEAN  ENGINEERS  SAUSALITO.  CA  (RYNECKI) 

OCEAN  RESOURCE  ENG.  INC.  HOUSTON.  TX  (ANDERSON) 

PACIFIC  MARINE  TECHNOLOGY  Duvall.  WA  (Wagner) 

PORTLAND  CEMENT  ASSOC.  SKOKIE.  IL  (CORLEY;  SKOKIE.  IL  (KLIEGER);  Skokie  IL  (Rsch  &  Dev 
Lab.  Lib.) 

RAYMOND  INTERNATIONAL  INC.  E  Code  Soil  Tech  Dept.  Pennsauken.  NJ 
SANDIA  LABORATORIES  Library  Div.,  Livermore  CA 
SEAFOOD  LABORATORY  MOREHEAD  CITY,  NC  (LIBRARY) 

SWEDEN  GeoTcch  Inst 

TEXTRON  INC  BUFFALO.  NY  (RESEARCH  CENTER  LIB.) 
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THE  AM.  WATERWAYS  OPERATIONS.  INC.  Arlington.  VA  (Schuster) 

UNITED  KINGDOM  Cement  &  Concrete  Assoc  Wexham  Springs.  Slough  Bucks;  D.  Lee,  London;  D.  New, 
G.  Maunsell  &  Partners.  London 

UNITED  TECHNOLOGIES  Windsor  Locks  CT  (Hamilton  Std  Div„  Ubrary) 

WESTINGHOUSE  ELECTRIC  CORP.  Annapolis  MD  (Oceanic  Div  Lib.  Bryan);  Library,  Pittsburgh  PA 
WM  CLAPP  LABS  •  BATTELLE  DUXBURY,  MA  (LIBRARY);  Dutbury.  MA  (Richards) 

BULLOCK  U  Canada 
KRUZIC.  T.P.  Silver  Spring.  MD 
LAYTON  Redmond.  WA 
CAPT  MURPHY  Sunnyvale,  CA 
R.F.  BESIER  Old  Saybrook  CT 
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